Great Lakes Science Advisory Board. Annual Report 1983 by Great Lakes Science Advisory Board
University of Windsor
Scholarship at UWindsor
International Joint Commission (IJC) Digital Archive
1983-11-01
Great Lakes Science Advisory Board. Annual
Report 1983
Great Lakes Science Advisory Board
Follow this and additional works at: http://scholar.uwindsor.ca/ijcarchive
This AR is brought to you for free and open access by Scholarship at UWindsor. It has been accepted for inclusion in International Joint Commission
(IJC) Digital Archive by an authorized administrator of Scholarship at UWindsor. For more information, please contact scholarship@uwindsor.ca.
Recommended Citation
Great Lakes Science Advisory Board (1983). Great Lakes Science Advisory Board. Annual Report 1983. International Joint
Commission (IJC) Digital Archive. http://scholar.uwindsor.ca/ijcarchive/311
003i!
 
Great Lakes Science Advisory Board 9L (_ Z 2 TIL, I O , , [4’ 56 EVV Q~
Report to the International Joint Commission
I 153 ,
 
‘
.
e
g
g
;
"
.
.
u
A
.
g
‘
'
“
o
r
«
A
m
i
,
‘
1983 Annual Report
M
i
x
-
“
A
u
;
p
m
A
-
M
t
-
h
t
.
ﬂ
_
m
.
.
u
_
.
_
>
A
A
“
.
m
m
m
_
n
_
r
_
_
.
_
_
;
n
.
_
_
_
_
4
,
m
n
_
t
_
m
A
A
.
.
-
“
.
d
n
m
u
_
‘
.
.
_
.
«
_
_
‘
.
_
  
 Great Lakes Science Advisory Board
Report to the International Joint Commission
1983 Annual Report
November 1983
Windsor, Ontario

      
  
INTERNATIONAL JOINT COMMIécSION
GR
EA
T
LA
KE
S
SC
IE
NC
E
AD
VI
SO
RY
BO
AR
D
100 OUELLETTE AVENUE, 8TH FLOOR
WINDSOR, ONTARIO, CANADA N9A 6T3
November 1983
Internationa1 Joint Commission
Canada and the United States
Commissioners:
Th
e
Gr
ea
t
La
ke
s
Sc
ie
nc
e
Ad
vi
so
ry
Bo
ar
d,
in
pa
rt
ia
1
fu
1f
i1
1m
en
t
of
it
s
re
sp
on
si
bi
Ti
ti
es
un
de
r
th
e
Gr
ea
t
La
ke
s
Wa
te
r
Qu
a1
it
y
Ag
re
em
en
t
of
19
78
,
is
p1
ea
se
d
to
su
bm
it
its
19
83
An
nua
1
Re
po
rt
to
th
e
Co
mm
is
si
on
.
 
In
th
is
re
po
rt
th
e
Bo
ar
d
de
sc
ri
be
s
it
s
on
go
in
g
ef
fo
rt
s
to
as
se
ss
th
e
ef
fe
ct
s
of
pe
rs
is
te
nt
to
xi
c
su
bs
ta
nc
es
on
th
e
he
a1
th
of
th
e
Gr
ea
t
La
ke
s
ec
os
ys
te
m
an
d
su
mm
ar
iz
es
th
e
fi
nd
in
gs
an
d
re
co
mm
en
da
ti
on
s
of
th
e
Aq
ua
ti
c
Ec
os
ys
te
m
Ob
je
ct
iv
es
Co
mm
it
te
e
an
d
th
e
Jo
in
t
Hu
ma
n
He
a1
th
Ef
fe
ct
s
Co
mm
it
te
e.
Th
e
Bo
ar
d
a1
so
pr
es
en
ts
in
fo
rm
at
io
n
on
so
me
ne
w
te
ch
ni
qu
es
cu
rr
en
t1
y
be
in
g
de
ve
io
pe
d
th
at
in
th
e
fu
tu
re
ma
y
ha
ve
si
gn
if
ic
an
t
im
p1
ic
at
io
ns
on
Gr
ea
t
Lakes water qua1ity and resources.
Th
is
ye
ar
th
e
Bo
ar
d
un
de
rw
en
t
ma
ny
ch
an
ge
s
in
me
mb
er
sh
ip
in
c1
ud
in
g
th
e
ap
po
in
tm
en
t
of
ne
w
co
-c
ha
ir
me
n.
As
a
re
su
1t
,
th
e
Bo
ar
d
sp
en
t
a
co
ns
id
er
ab
1e
am
ou
nt
of
ti
me
re
-a
ss
es
si
ng
it
s
ro
1e
an
d
st
ru
ct
ur
e.
Ma
ny
ch
an
ge
s
we
re
ma
de
,
in
c1
ud
in
g
th
e
fo
rm
at
io
n
of
an
ex
ec
ut
iv
e
co
mm
it
te
e
an
d
re
-s
tr
uc
tu
ri
ng
of
th
e
Bo
ar
d'
s
st
an
di
ng
co
mm
it
te
es
an
d
ta
sk
fo
rc
es
.
Th
e
Bo
ar
d
fe
e1
s
th
at
th
es
e
ad
mi
ni
st
ra
ti
ve
an
d
st
ru
ct
ur
a1
ch
an
ge
s
ha
ve
co
nt
ri
bu
te
d
to
co
ns
id
er
ab
1e
pr
og
re
ss
as
wi
11
be
ev
id
en
t
to
th
e
Co
mm
is
si
on
fr
om
th
is
re
po
rt
.
ReSpectfu11y submitted,
Ric
har
d L
.’T
hom
as
Vin
ton
N.
Bac
on
Chairman Chairman
Ca
na
di
an
Se
ct
io
n
Un
it
ed
St
at
es
Se
ct
io
n
 
 LIST OF TABLES
LIST OF FIGURES
APPENDICES
SUMWARY
PREAMBLE
Table of Contents
CHAPTER 1. PROGRESS REPORTS ON THE ACTIVITIES OF THE
SCIENCE ADVISORY BOARD
THE ECOLOGICAL CONSIDERATIONS COMMITTEE
1.
The Health of Aquatic Communities Task Force
Background
Progress
Preliminary Findings
The Atmospheric Pollution Indicators Task Force
Background
Findings
Conclusions and Recommendations
The Groundwater Contamination Task Force
Background
Findings
Conclusions and Recommendations
The Polynuclear Aromatic Hydrocarbons (PAHs)
and Toxaphene Task Force
Background on PAHs
Findings
Conclusions and Recommendations
Background on Toxaphene
Findings
Conclusions and Recommendations
The Tissue and Sediment Banks Task Force
Background
Findings
Conclusions and Recommendations
The Great Lakes Modeling Task Force
The In-Place Pollutants Task Force
(v)
PAGE
vii
vii
ix
xi
xvii
h
o
m
o
t
o
m
V
N
N
N
—
‘
—
l
—
l
15
l6
l6
l7
l7
l7
l8
18
19
19
19
20
  
 TABLE
OF
CONTENTS
(continued)
THE
AQUATIC
ECOSYSTEM
OBJECTIVES
CONMITTEE
1.
Water
Quality
Objectives
(1) Revised Objectives
(2) New Objective
2.
The
Indicators
of
Ecosystem
Quality
Task
Force
THE
COUNCIL
OF
G
R
E
A
T
LAKES
RESEARCH
M
A
N
A
G
E
R
S
THE
SOCIAL
AND
E
C
O
N
O
M
I
C
C
O
N
S
I
D
E
R
A
T
I
O
N
S
C
O
M
M
I
T
T
E
E
THE
JOINT
HUMAN
HEALTH
EFFECTS
C
O
M
M
I
T
T
E
E
1.
Effects
o
f
W
a
t
e
r
Quality
on
Human
Health
2.
The
H
u
m
a
n
H
e
a
l
t
h
R
e
s
e
a
r
c
h
A
s
s
e
s
s
m
e
n
t
T
a
s
k
F
o
r
c
e
Phase I.
Phase II.
Evaluation
Detailed Analysis
C
H
A
P
T
E
R
2.
A
P
P
L
I
C
A
T
I
O
N
O
F
N
E
H
T
E
C
H
N
O
L
O
G
Y
I
N
T
H
E
G
R
E
A
T
L
A
K
E
S
BACKGROUND
R
E
C
E
N
T
A
D
V
A
N
C
E
S
I
N
W
A
T
E
R
P
O
L
L
U
T
I
O
N
C
O
N
T
R
O
L
T
E
C
H
N
O
L
O
G
Y
l
.
C
o
n
t
r
o
l
o
f
T
o
x
i
c
s
b
y
B
i
o
l
o
g
i
c
a
l
N
a
s
t
e
w
a
t
e
r
T
r
e
a
t
m
e
n
t
S
y
s
t
e
m
2.
C
o
n
v
e
r
s
i
o
n
o
f
S
e
w
a
g
e
S
l
u
d
g
e
t
o
L
i
q
u
i
d
a
n
d
S
o
l
i
d
F
u
e
l
s
REFERENCES
B
I
O
T
E
C
H
N
O
L
O
G
Y
A
N
D
T
H
E
_
A
Q
U
A
T
I
C
S
C
I
E
N
C
E
S
1. Introduction
2
.
F
i
s
h
e
r
i
e
s
S
c
i
e
n
c
e
s
3.
P
o
l
l
u
t
i
o
n
A
b
a
t
e
m
e
n
t
4. Epilogue
G
R
E
A
T
L
A
K
E
S
S
C
I
E
N
C
E
A
D
V
I
S
O
R
Y
B
O
A
R
D
M
E
M
B
E
R
S
(vi)
PAGE
20
20
22
22
24
24
26
26
26
27
27
29
29
29
29
31
32
32
32
33
34
34
35
 TABLE
List of Tables
TITLE
Organization of the Science Advisory Board
The Functionai Aspects of the Aquatic Ecosystem
that Measure HeaTth
Distribution of Research
PhysiologicaT ReSponses
List of Figures
Distribution of Waste Disposal Sites in the
Great Lakes Basin by County
(vii)
PAGE
xvii
13
 
  
 Appendicies
The
appe
ndic
es t
o th
is r
epor
t ar
e in
pres
s.
They
will
be a
vai1
ab1e
in
Nov
emb
er,
198
3 a
nd
may
be
obt
ain
ed
fro
m t
he
Int
ern
ati
ona
l J
oin
t C
omm
iss
ion
at t
he G
reat
Lake
s Re
gion
al
Offi
ce,
100
Ouei
iett
e Av
enue
, Wi
ndso
r, O
ntar
io,
N9A 6T3.
 
(ix)
 
Summary
In
198
2,
the
Sci
enc
e
Adv
iso
ry
Boa
rd
con
duc
ted
a r
evi
ew
of
Gre
at
Lak
es
re
se
ar
ch
an
d
co
nc
lu
de
d
th
at
in
su
ff
ic
ie
nt
re
so
ur
ce
s
an
d
ef
fo
rt
s
we
re
ex
pe
nd
ed
on
eig
ht
cri
tic
al
wat
er
qua
lit
y
iss
ues
(pa
ge
xvi
i).
In
198
3,
the
Boa
rd
de
ci
de
d
to
ex
am
in
e
th
es
e
is
su
es
in
mo
re
det
ail
to
de
te
rm
in
e
th
e
cu
rr
en
t
st
at
e
of
sc
ie
nt
if
ic
kn
ow
le
dg
e
ab
ou
t
ea
ch
of
th
em
an
d
to
id
en
ti
fy
kn
ow
le
dg
e
ga
ps
.
Fo
ur
Co
mm
it
te
es
an
d
se
ver
al
Ta
sk
Fo
rc
es
,
op
er
at
in
g
un
de
r
th
e
di
re
ct
io
n
of
th
e
Bo
ar
d,
in
ve
st
ig
at
ed
th
es
e
is
su
es
.
Pr
og
re
ss
re
po
rt
s
we
re
pr
ep
ar
ed
th
at
in
cl
ud
ed
th
ei
r
fi
nd
in
gs
an
d,
in
so
me
ca
se
s,
th
ei
r
co
nc
lu
si
on
s
an
d
re
co
mm
en
da
ti
on
s.
Th
es
e
pr
og
re
ss
re
po
rt
s
co
ns
ti
tu
te
th
e
fi
rs
t
ch
ap
te
r
of
th
is
report.
A
ch
ap
te
r
on
ne
w
de
ve
lO
pm
en
ts
an
d
ad
va
nc
es
in
sc
ie
nc
e
si
gn
if
ic
an
t
to
Gr
ea
t
La
ke
s
wa
te
r
qu
al
it
y
is
al
so
in
cl
ud
ed
in
th
is
re
po
rt
.
Tw
o
ar
ea
s
ar
e
di
sc
us
se
d:
dev
elo
pme
nts
in
wat
er
pol
lut
ion
con
tro
l
tec
hno
log
y
and
the
app
lic
ati
on
of
ge
ne
ti
c
en
gi
ne
er
in
g
in
th
e
fi
el
ds
of
fi
sh
er
ie
s
sc
ie
nc
es
an
d
wa
te
r
po
ll
ut
io
n
abatement.
The
fol
low
ing
con
clu
sio
ns
and
rec
omm
end
ati
ons
wer
e
der
ive
d
fro
m
the
act
ivi
tie
s
of
the
Boa
rd
and
its
Com
mit
tee
s
and
Tas
k
For
ces
dur
ing
198
3.
THE ECOLOGICAL CONSIDERATIONS COMMITTEE
1.
THE
HEA
LTH
0F
AQU
ATI
C C
OMM
UNI
TIE
S T
ASK
FOR
CE
 
In
fo
rm
at
io
n
wa
s
co
ll
ec
te
d
fr
om
th
e
re
se
ar
ch
in
st
it
ut
io
ns
on
st
ud
ie
s
co
nc
er
ni
ng
th
e
po
te
nt
ia
l
ef
fe
ct
s
of
pe
rs
is
te
nt
to
xi
c
su
bs
ta
nc
es
on
Gr
ea
t
La
ke
s
aq
ua
ti
c
co
mm
un
it
ie
s.
Th
e
Ta
sk
Fo
rc
e
co
nd
uc
te
d
a
pr
el
im
in
ar
y
an
al
ys
is
of
th
es
e
da
ta
an
d
de
ci
de
d
to
ob
ta
in
ad
di
ti
on
al
in
fo
rm
at
io
n
fr
om
th
e
sc
ie
nt
if
ic
li
te
ra
tu
re
on
th
e
he
al
th
of
Gr
ea
t
La
ke
s
aq
ua
ti
c
co
mm
un
it
ie
s.
Th
is
ac
ti
vi
ty
is
co
nt
in
ui
ng
.
2.
TH
E
AT
MO
SP
HE
RI
C
PO
LL
UT
IO
N
IN
DI
CA
TO
RS
TA
SK
FO
RC
E
Th
e
Ta
sk
Fo
rc
e
in
ve
st
ig
at
ed
th
e
fe
as
ib
il
it
y
of
us
in
g
at
mo
sp
he
ri
c
po
ll
ut
io
n
in
di
ca
to
rs
to
de
te
rm
in
e
th
e
so
ur
ce
s
an
d
lo
ad
in
gs
of
co
nt
am
in
an
ts
to
th
e
Gr
ea
t
La
ke
s.
It
wa
s
co
nc
lu
de
d
th
at
th
e
us
e
of
va
ri
at
io
ns
in
is
ot
op
ic
ab
un
da
nc
e
of
su
lp
hu
r
an
d
le
ad
ma
y
be
us
ef
ul
in
di
st
in
gu
is
hi
ng
be
tw
ee
n
th
ei
r
an
th
ro
po
ge
ni
c
(d
ue
to
ma
n'
s
ac
ti
vi
ti
es
)
an
d
na
tu
ra
l
or
ig
in
s.
Ho
we
ve
r,
th
e
so
le
us
e
of
is
ot
op
ic
co
mp
os
it
io
ns
as
a
me
th
od
fo
r
de
du
ci
ng
th
e
re
la
ti
ve
co
nt
ri
bu
ti
on
of
ai
rb
or
ne
po
ll
ut
an
ts
to
th
e
Gr
ea
t
La
ke
s
is
no
t
cu
rr
en
tl
y
fe
as
ib
le
.
Therefore, the Board recommends that:
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- isotopic ratios of sulphur and lead should be used in
conjunction with the data obtained from environmental
measurement programs in order to assist in the provision of
a better understanding of the proportional contributions of
pollutants to the Great Lakes from different sources.
The Science Advisory Board is currentTy considering the desirabiTity of
expanding this activity by examining the feasibiTity of using other substances
as tracers for monitoring atmospheric poTTutants
and hosting a workshop on
atmospheric deposition of contaminants on the Great Lakes.
3.
THE
GROUNDWATER CONTAMINATION TASK
FORCE
The Task Force investigated the significance of groundwater contamination
to Great Lakes water quaTity.
It was concluded that there is no adequate
information
on
the
extent
of
groundwater contamination
in
the Great
Lakes
Basin.
Existing
estimates
of groundwater
flows
into
the
Great
Lakes
are
unreTiabTe,
and Timited
efforts
are
being
made
to
estimate
infTows
into
the Great Lakes fran areas of potentiaT
concern where Targe numbers of known
or suspected hazardous
waste
sites
are
Tocated.
Therefore, the Board recommends that:
(a)
drawing upon the already existing groundwater data and
augmenting
them
where deficient,
the
jurisdictions
should
provide
detailed mapping
and analysis
of those
areas
of
potential
concern
in
order
to
assess
the
extent
of
groundwater
contamination
in
the
Great
Lakes
Basin;
(b)
waste
disposal
sites
should
be
classified
according
to
hydrologic
settings
and
proximity
to
streams,
lakes,
and
areas
of
aquifer
infiltration.
Sites
should
be
grouped
according to tributary basins and to land use for the
purpose
of
develoPing
a
monitoring
strategy;
(c)
sampling methods
and strategy
should
be
developed for
the
monitoring
of
groundwater
quality
in
the
Great
Lakes
Basin;
and
(d)
groundwater research
capabilities should
be
developed and
maintained
in
order
to
understand
the
transport
mechanism
of
toxic
substances
both
to
the
aquifers
and
the
lakes,
and
to
achieve
recommendations
(a)
to
(c).
4.
THE
POLYNUCLEAR
AROMATIC
HYDROCARBONS
(PAHS)
AND
TOXAPHENE
TASK
FORCE
The
Task
Force
investigated
the
potentiaT
effects
of
PAHs
and
toxaphene
on
the Great Lakes ecosystem.
PAHs
The
Board
supports
the
concTusions
and
recommendations
of
the
Aquatic
Ecosystem
Objectives
Committee
(AEOC)
regarding
PAHs
(refer
to
the
1983
AEOC's
report
for
detaiT;
a150
refer
to
the
PAHs
objective
outTined
on
page
xiv).
(xii)
 
Further, the Board recommends that:
- the Commission encourage the Governments to find ways of
reducing anthropogenic sources of RAHs and to ensure that
the role of these compounds with respect to the health of
the living components of the Great Lakes ecosystem is fully
investigated.
Toxaphene
The Board is encouraged by the recent curtailments of toxaphene use and
the current research into the health effects from exposure to toxaphene.
However, sources, pathways and fate of residual toxaphene in the Great Lakes
are not clearly known. Further, current analytical procedures are incapable
of accurately identifying toxaphene or quantifying its levels in environmental
samples. This is because toxaphene is a complex mixture of chlorinated
camphene. In order to determine the levels of toxaphene in the environment
and assess their effects on the ecosystem, analytical measurements of this
compound must be improved.
Therefore, the Board recommends that:
- the Commission urge the Parties to intensify their research
into the sources, pathways, and fate of residual toxaphene
in the Great Lakes Basin; and
- all laboratories undertaking environmental measurements of
toxaphene collaborate, under the auspices of the
Governments, to develop a method Suitable to identify and
quantify this complex residue mixture. Further, once a
state-ofethe-art method has been described, it should be
the adopted procedure fer all laboratories making this
measurement in support of Great Lakes monitoring and
surveillance in order to meet the legislative requirements
that regulate this product in both nations.
5. THE TISSUE AND SEDIMENT BANKS TASK FORCE
Sediment and biological tissue specimens are kept in special banks to
permit retroactive analysis for the establishment of trends of contamination
over
time
. T
he B
oard
is e
ncou
rage
d th
at s
o ma
ny t
issu
e an
d se
dime
nt s
peci
mens
are being banked, and that recent surveillance plans call for further banking
of samples. However, the Board remains uncertain on the feasibility of
establishing and maintaining a centralized international banking system for
Great Lakes samples.
Therefore, the Board recommends that:
- the Parties study the feaSibility and desirabililty of
maintaining a centralized information repository of Great
Lakes tissue and sediment samples.
(xiii)
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E
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Sci
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bli
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e t
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and
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uti
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y
in
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fat
e a
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eff
ect
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f t
oxi
c c
hem
ica
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nut
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in
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Gre
at
Lake
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Tas
k F
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vie
w o
f t
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e m
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198
4.
7. THE IN-PLACE POLLUTANTS TASK FORCE
This is a new activity established by the Science Advisory Board in
Aug
ust
, 1
983.
The
mai
n o
bje
cti
ves
of
this
act
ivi
ty
will
be
to
inv
est
iga
te
the
prob
lem
of i
n-pl
ace
poll
utan
ts
in s
peci
fic
"Are
as o
f Co
ncer
n"
in t
he G
reat
Lake
s an
d de
velo
p th
e sc
ient
ific
base
s fo
r ev
alua
ting
the
alte
rnat
ive
meas
ures
that
coul
d be
unde
rtak
en
to r
esol
ve t
he i
n-pl
ace
poll
utan
ts
prob
lem
in t
hese
areas.
THE AQUATIC ECOSYSTEM OBJECTIVES COMMITTEE
 
1. WATER QUALITY OBJECTIVES
The Science Advisory Board endorses the recommendations of its Aquatic
Ecos
yste
m Ob
ject
ives
Comm
itte
e re
gard
ing
the
revi
sed
wate
r qu
alit
y ob
ject
ives
for
micr
obio
logi
cal
indi
cato
rs a
nd d
iazi
non,
as w
ell
as t
he n
ew o
bjec
tive
for
polynuclear aromatic hydrocarbons (PAHs).
Full recommendations for the above parameters are included in the 1983
AEOC's report. The following is only a summary of these recommendations:
(a) Microbiological Indicators - for the protection of
recreational users of nearshore waters from increased
gastrozntestinal illnesses, the enterococcus geometric mean
level in water should not exceed 11/100 mL; similarly the
Escherichia coli geometric mean level in water should not
exceed 23/100 mL. Mean levels should be monitored by
analyzing a minimum of five samples from one location
collected over a four-week period.
To protect recreational users of nearshore waters from ear
infections, no more than 25 percent of the samples should
have levels of Pseudanonas aeruginosa greater than 10/100 mL.
(b) Diazinon - for the protection of aquatic life, the maximum
waterborne concentration of diazinon shall not exceed
0.003 pg/L, except that it may range up to 0.1 pg/L once
every 30 or more days forperiods not to exceed two days.
(c) Polynuclear Aromatic Hydrocarbons (PAHs) — for the
protection of aquatic life, the levels of benzo(a)pyrene
(BaP) in the sediments or in organisms serving as a food
source for fish should not exceed 1.0 pg/g; levels of BaP
in water should be less than 0.01 pg/L.
(xiv)
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.
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at
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at
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at
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is
Co
mm
it
te
e
is
ex
am
in
in
g
tw
o
co
mp
le
me
nt
ar
y
ap
pr
oa
ch
es
fo
r
se
le
ct
in
g
th
e
so
ci
al
an
d
ec
on
om
ic
co
ns
id
er
at
io
ns
to
pi
cs
th
at
ar
e
re
le
va
nt
to
Gr
ea
t
La
ke
s
wa
te
r
qu
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e
Wa
te
r
Qu
al
it
y
Bo
ar
d
an
d
ho
w
so
ci
al
an
d
ec
on
om
ic
co
ns
id
er
at
io
ns
ar
e
in
co
rp
or
at
ed
in
de
ci
si
on
s
re
ga
rd
in
g
th
e
de
ve
lo
pm
en
t
an
d
im
pl
em
en
ta
ti
on
of
re
me
di
al
an
d
re
ha
bi
li
ta
ti
on
pr
og
ra
ms
fo
r
th
es
e
ar
ea
s.
Th
e
se
co
nd
ap
pr
oa
ch
re
la
te
s
to
is
su
e
ma
na
em
en
t
an
d
ev
al
ua
ti
on
te
ch
ni
qu
es
.
Th
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at
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.
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.
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2.
THE
HUM
AN
HEA
LTH
RES
EAR
CH
ASS
ESS
MEN
T T
ASK
FOR
CE
Information was coiiected on research deaiing with the effects on human
heai
th o
f ex
posu
re t
o co
ntam
inan
ts i
n Gr
eat
Lake
s wa
ter
and
biot
a.
This
information wiii be evaiuated by the Task Force in 1984.
OTHER
 
In addition to the above progress reports, the Science Advisory Board is
inciuding in this report a chapter on certain technoiogicai advances of
science and their potentiai impiications on Great Lakes water quaiity. The
materiai for this chapter was provided by two research scientists identified
in the report.
(xvi)
 Preamble
In 1
982
the
Scie
nce
Advi
sory
Boar
d co
nduc
ted
a re
view
of G
reat
Lake
s
wat
er
qua
lit
y r
ese
arc
h t
o d
ete
rmi
ne
tre
nds
in
res
ear
ch
obj
ect
ive
s a
nd
eva
lua
te
the
ade
qua
cy
of
res
ear
ch
eff
ort
s.
The
Boa
rd
con
clu
ded
tha
t d
esp
ite
the
sig
nif
ica
nt
amo
unt
of
eff
ort
and
res
our
ces
dev
ote
d t
o G
rea
t L
ake
s w
ate
r
qual
ity
rese
arch
, kn
owle
dge
gaps
rema
in f
or t
he f
ollo
wing
crit
ical
issu
es:
1) effects of persistent toxic substances on Great Lakes
aquatic communities;
2) feasibility of using atmospheric pollution indicators
to determine sources and loadings of contaminants to
the Great Lakes;
3) significance of groundwater contamination to Great
Lakes water quality;
4) effects of PAHs and toxaphene on the ecosystem;
5) the need for a centralized tissue and sediment bank to
determine trends, levels and distribution of
contaminants in the Great Lakes;
6) application and validation of Great Lakes computer
models to predict the fate and effects of contaminants
in the Great Lakes;
7)
inc
orp
ora
tio
n o
f s
ocia
l a
nd
eco
nom
ic
con
sid
era
tio
ns
in
Great Lakes management decisions, and
8)
eff
ect
s o
f
haz
ard
ous
sub
sta
nce
s
on
hum
an
hea
lth
.
In
198
3
the
Sci
enc
e
Adv
iso
ry
Boa
rd
est
abl
ish
ed
sev
era
l
wor
k
gro
ups
,
sub
seq
uen
tly
re-
org
ani
zed
int
o c
omm
itt
ees
and
tas
k f
orc
es
(Ta
ble
l),
to
exa
min
e
the
se
iss
ues
in
det
ail
and
det
erm
ine
the
sta
te
of
sci
ent
ifi
c
kno
wle
dge
abo
ut
eac
h o
f t
hem
.
The
mai
n o
bje
cti
ves
are
to
ide
nti
fy
kno
wle
dge
gap
s a
nd
recommend research needs.
The
fir
st
cha
pte
r o
f t
his
rep
ort
inc
lud
es
pro
gre
ss
rep
ort
s f
rom
the
Boa
rd'
s
com
mit
tee
s
and
tas
k
for
ces
des
cri
bin
g
the
ir
fin
din
gs
to
thi
s
dat
e
and
out
lin
ing
the
ste
ps
the
y w
ill
und
ert
ake
in
the
fol
low
ing
yea
rls
)
to
ach
iev
e
their objectives.
The
fir
st
cha
pte
r a
lso
sum
mar
ize
s t
he
fin
din
gs
and
rec
omm
end
ati
ons
of
the
Boa
rd'
s A
qua
tic
Eco
sys
tem
Obj
ect
ive
s
Com
mit
tee
(AE
OC)
and
the
Joi
nt
Hum
an
Hea
lth
Eff
ect
s C
omm
itt
ee.
The
ful
l
rep
ort
s o
f t
hes
e t
wo
Com
mit
tee
s a
re
published separately.
(xvii)
 
 TABLE 1. ORGANIZATION OF THE SCIENCE ADVISORY BOARD
 
INTERNATIONAL
JOINT COMMISSION
  
  
 
SCIENCE
WATER
ADVISORY BOARD
QUALITY BOARD
BOARDS
 
 
 
 
  
    
 
Ecological
Aquatic Ecosystem
Council of
Social and
Joint Human
Considerations
Objectives
Great Lakes
Economic
Health Effects
> Standing
Committee
Committee
Research
Considerations
Committee
Committees
Managers*
Committee
       
 
 
 
l-Indicat;ors of
L---Human Health
Ecosystem Quality
Research
Assessment
—-Health of Aquatic Communities
——Atm05pheric Pollution
Indicators
-Groundwater Contamination
-PAHs and Toxaphene
> Task Forces
-Tissue and Sediment Banks
-—Modeling
 
 
-In-Place
Pollutants
ﬂ)
*Currently being established.
 
 The second chapter of this report addresses certain technological advances
of science and their potential implications on Great Lakes water quality. The
scientific material for this chapter was provided by Dr. Bruce Jank, Acting
Director of the Wastewater Technology Centre at the Canada Centre for Inland
Waters, and Dr. Ronald Sonstegard of the Department of Biology and Pathology
at McMaster University. The former provided information on the control of
toxic chemicals in wastewater by biological treatment and the conversion of
sewage sludge to liquid andsolid fuels, while the latter provided information
on the technology of genetic engineering and its potential application in
fisheries sciences and pollution abatement.
(xix)
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i
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h
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S
c
i
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n
c
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A
d
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o
r
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a
r
d
TH
E
EC
OL
OG
IC
AL
CO
NS
ID
ER
AT
IO
NS
CO
MM
IT
TE
E
1.
TH
E
HE
AL
TH
OF
AQ
UA
TI
C
CO
MM
UN
IT
IE
S
TA
SK
FO
RC
E
Background
An
ne
x
l2
(4
b)
of
th
e
l9
78
Gr
ea
t
La
ke
s
Wa
te
r
Qu
al
it
y
Ag
re
em
en
t
ca
ll
s
fo
r
th
e
es
ta
bl
is
hm
en
t
of
mo
ni
to
ri
ng
an
d
re
se
ar
ch
pr
og
ra
ms
at
a
le
ve
l
su
ff
ic
ie
nt
to
id
en
ti
fy
th
e
im
pa
ct
of
pe
rs
is
te
nt
to
xi
c
su
bs
ta
nc
es
on
th
e
he
al
th
of
li
vi
ng
aq
ua
ti
c
sy
st
em
s.
Es
se
nt
ia
ll
y,
th
is
ca
ll
s
fo
r
re
se
ar
ch
an
d
mo
ni
to
ri
ng
to
:
-
de
te
nm
in
e
th
e
le
ve
ls
of
co
nt
am
in
at
io
n
in
th
e
va
ri
ou
s
co
mp
on
en
ts
of
th
e
aq
ua
ti
c
sy
st
em
;
-
ob
se
rv
e
ap
pa
re
nt
ch
an
ge
s
or
ef
fe
ct
s
on
th
e
co
mp
on
en
ts
of the aquatic system; and
-
ge
ne
ra
te
th
e
ne
ce
ss
ar
y
ex
pe
ri
me
nt
al
da
ta
to
de
mo
ns
tr
at
e
a
pr
ob
ab
le
ca
us
e-
ef
fe
ct
re
la
ti
on
sh
ip
.
In
19
83
th
e
Sc
ie
nc
e
Ad
vi
so
ry
Bo
ar
d
es
ta
bl
is
he
d
a
Ta
sk
Fo
rc
e
to
in
ve
st
ig
at
e
th
e
po
te
nt
ia
l
ef
fe
ct
s
of
pe
rs
is
te
nt
to
xi
c
su
bs
ta
nc
es
on
th
e
he
al
th
of
th
e
aq
ua
ti
c
co
mm
un
it
ie
s
of
th
e
Gr
ea
t
La
ke
s.
Th
e
ac
ti
vi
ti
es
of
th
e
Ta
sk
Fo
rc
e
included the following:
- four meetings;
-
de
ve
lo
pm
en
t
of
a
qu
es
ti
on
na
ir
e
re
qu
es
ti
ng
in
fo
rm
at
io
n
on
r
e
s
e
a
r
c
h
de
al
in
g
wi
th
th
e
he
al
th
of
aq
ua
ti
c
c
o
m
m
un
i
t
i
e
s
,
an
d
-
p
r
e
l
i
m
i
n
a
r
y
a
n
a
l
ys
i
s
of
th
e
in
fo
rm
at
io
n
r
e
c
e
i
ve
d
fr
om
r
e
s
e
a
r
c
h
organizations.
Th
e
Ta
sk
Fo
rc
e
de
ci
de
d
to
ac
co
mp
li
sh
it
s
ta
sk
s
th
ro
ug
h
th
e
fo
ll
ow
in
g
st
ag
es
:
1)
To
re
vi
ew
th
e
sc
ie
nt
if
ic
li
te
ra
tu
re
an
d
cu
rr
en
t
re
se
ar
ch
pr
oj
ec
ts
pe
rt
in
en
t
to
th
is
is
su
e.
Th
is
ac
ti
vi
ty
is
ex
pe
ct
ed
to
be
co
mp
le
te
d
by the end of March, 1984.
2)
Fo
ll
ow
in
g
th
e
ab
ov
e
re
vi
ew
,
th
e
Ta
sk
Fo
rc
e
pl
an
s
to
de
ve
lo
p
an
d
ho
ld
a
wo
rk
sh
op
on
th
e
me
th
od
s
th
at
co
ul
d
be
us
ed
fo
r
th
e
ev
al
ua
ti
on
of
th
e
ef
fe
ct
s
of
pe
rs
is
te
nt
to
xi
c
su
bs
ta
nc
es
on
th
e
he
al
th
of
aq
ua
ti
c
co
mm
un
it
ie
s,
e
s
p
e
c
i
a
l
l
y
G
r
e
a
t
La
ke
s
co
mm
un
it
ie
s.
Th
is
wo
rk
sh
op
wi
ll
pr
ov
id
e
th
e
fo
ru
m
fo
r
ex
ch
an
gi
ng
in
fo
rm
at
io
n
on
th
e
ef
fe
ct
s
of
su
ch
su
bs
ta
nc
es
,
ho
w
'h
ea
lt
h'
of
a
co
mm
un
it
y
ma
y
be
de
fi
ne
d,
an
d
th
e
be
st
me
th
od
s
fo
r
me
as
ur
in
g
'h
ea
lt
h'
an
d
to
xi
c
su
bs
ta
nc
e
ef
fe
ct
s.
Fo
r
ex
am
pl
e,
th
e
po
te
nt
ia
l
of
a
su
bs
ta
nc
e
to
ca
us
e
mu
ta
ti
on
s
ma
y
be
st
be
in
ve
st
ig
at
ed
by
co
ns
id
er
in
g
ba
ct
er
ia
,
wh
il
e
fi
sh
ma
y
be
th
e
id
ea
l
or
ga
ni
sm
of
in
ve
st
ig
at
in
g
ca
rc
in
og
en
ic
 
 potential. Short-lived organisms such as plankton may be the best
components of the system to study the effects of a substance on
community structure and productivity. The workshop will involve the
synthesis of a variety of investigations, e.g. studies reporting
changes in aquatic community structure and the presence of high
concentrations of various toxic substances in the same region, and
experimental studies that may suggest cause-effect relationships.
Both the open lake and more severely affected localized nearshore
areas will be considered.
3) Based on the information generated from the above activities, the
Task Force will assess the state of knowledge about the health of the
Great Lakes ecosystem, identify knowledge gaps, and the type of
research needed to provide the necessary information. The Task Force
is expected to complete its work in 1985.
Progress
The Task Force started in January 1983 by developing a questionnaire
requesting information from institutions that are known to be conducting
research in this field.
The questionnaire was based on a matrix (Table 2),
which was developed by the Task Force, outlining the functional aspects of the
lining aquatic system that measure health and could be used as water quality
in icators.
The matrix includes the major groups of organisms that constitute a
community.
It also contains examples of the structural indicators of health
and the functional aspects of organisms including physiological, genetic, and
behavioural responses.
Some of the modifying factors that may alter the
characteristics of persistent toxic substances or influence the response of
the organism towards these substances are also listed in the matrix.
The questionnaire was sent to 209 agencies and individuals expecting to be
conducting research on this issue.
To this date, 94 have responded to the
questionnaire,
providing descriptions of a total of l65 research projects,
93 United States projects and 72 Canadian projects. Additional questionnaires
were segt out subsequently and replies to these questionnaires continue to be
receive .
Preliminary Findings
 
Careful
examination
of
these
project descriptions
indicated
that
some
(approximately 26 percent) do not involve direct assessment of effects of
toxic substances on the responses
of aquatic organisms.
Rather, these studies
mainly involve the identification and measurement of contaminants in tissues.
Although these projects have been documented by the Task Force and will be
used at a later date, they will not be included in this first stage of the
research review.
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E
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TH
E
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E
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PON
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CT
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yt
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Macro
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n
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op
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to
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s
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(bir
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mamm
als,
etc
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tos
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Metab
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cie
s,
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of to
leran
t
Ex
cr
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io
n
Rep
rod
uct
ion
and
spe
cie
s,
etc
.)
Tife
exp
ect
anc
y
Bio
che
mic
ai
cha
nge
s
Acc
iim
ati
on
Sus
cep
tib
iii
ty
to
dise
ases
Tu
mo
rs
,
et
c.
Tem
per
atu
re
Li
gh
t
pH
MuT
tip
Te
imp
act
s
inc
iud
ing
syn
erg
ism
and
an
ta
go
ni
sm
St
oc
ki
ng
an
d
har
ves
t,
etc.
*Th
e i
nfo
rma
tio
n o
n t
his
mat
rix
is
giv
en
onT
y a
s e
xam
pTe
s.
 
  
A preliminary review of the results
indicated that the taxa most
frequently investigated (Table 3) are fish (eSpecially adults), phytOplankton,
zooplankton,
and benthos.
These also are the taxa most commonly studied in
Great Lakes limnological
investigations.
Relatively little
is known about the
aquatic ecology of bacteria, but there are 17 projects on the effects of
persistent toxic
substances
on
these
organisms.
A few
studies
involve
the
effects of persistent toxic substances on protozoans and fungi.
These
taxonomic groups
are
poorly studied
in most
limnological
systems.
Macrophytes,
amphibians, reptiles, birds,
and mammals also are the subjects of few
investigations.
As
components
of
the
shoreline
community,
these
organisms
occur
in a region which
is not the focus of many Great Lakes
limnological
studies.
Relatively
few
projects
deal
with
genetic
or
behavioral
responses
(Table 3).
The latter include the effects of toxic substances on the ability of
the
organisms
to
escape
predation
(zooplankton),
sediment reworking
(benthos),
and migration
(fish).
Physiological
investigations
are
more or
less
evenly
distributed
through
the
various
trophic
levels
and
include
studies measuring
the
effects
of toxic
substances
on
nitrification
and
denitrification,
macromolecular
synthesis,
methylation
and
demethylation
(bacteria),
various
other
enzyme
systems, microsomes, and bioaccumulation.
Respondents
investigating
community
responses
dealt
either
with
individual
taxa
from a
number
of trophic
levels
or
an
assemblage
of
organisms
of the
same
group
(e.g.
plankton).
In
addition,
several
reSpondents
(answers
not
included
in
Table
3)
indicated
that
the
results
of
their
studies
on
spatial
and
temporal
distribution
of
taxa
would
provide
information
on
the
effects
of
toxic
substances
on
community
structure.
Such
studies might
have
the
potential
for
this
application
if
corollary
studies
were
made
to
confirm
the
presence
of
a
certain
level
of contamination
in the
effected areas
and
if experimental
data
supporting cause-effect relationships exist.
The most commonly studied responses are physiological (Table 3) and the most
common effects evaluated are toxicity, growth, mortality, reproduction, uptake,
and development (Table 4). Thus the focus is on factors that affect the
survival and fecundity of the species. At the community level, such effects may
be apparent in reduced numbers of sensitive species and in decreased diversity.
Studies on gill function, feeding, metabolism, and excretion may provide insight
into the physiological system that is impaired by the toxic substance.
Some
studies involve the physiological factors that may affect the toxicity-response,
including uptake of contaminants and depuration rates, and adaptation.
A wide variety of inorganic and organic contaminants is under investigaton
by the respondents.
Metals (e.g. mercury, lead, copper, zinc, cadmium),
pesticides, and more specific compounds and classes of compounds such as
toxaphene, polychlorinated biphenyls, polyaromatic hydrocarbons, chlorinated
hydrocarbons, mirex, and hexachlorobenzene are of especial interest.
A number
of researchers are investigating the effects of contaminated-sediment extracts
on organisms either at the species or community level.
There are no apparent
'favorite' toxic substances for investigation.
TABL
E 3.
DIST
RIBU
TION
OF R
ESEA
RCH
 
TROPHIC LEVEL
NUMBE
R OF
PROJE
CTS
 
RESP
ONSE
COMMUNITY PHYSIO
LOGICA
L
GEN
ETI
C
BEHAVIOURAL
TOTAL*
BACTERIA
PROTOZ
OANS,
FUNGI
AND YE
AST
MACRO
PHYTE
S
PHYTOP
LANKTO
N
ZOOPLANKTON
BEN
THO
S
FIS
H E
GGS
AND
EMB
RYO
S
FISH
LARVA
E AND
FRY
ADULT
FISH
AMPHIBIAN
S AND RE
PTILES
BIRDS
MAMMALS
TOTAL*
1
1
TO
o
o
o
o
o
l
46
16
19
I8
1
7
130
O
O
O
O
O
N
O
c
:
C
:
C
H
<
1
-
C
O
C
O
N
M
c
:
:
3
C
H
l
\
2
4
3O
3O
2
8
11
TO
4
6
o
o
m
l
187
*Some
proje
cts
invol
ved t
he ev
a1uat
ion
of mo
re th
an o
ne re
sgons
e or
troph
ic 1
eve1.
The
se
wer
e c
oun
ted
mor
e t
han
onc
e t
her
eby
aff
ect
ing
the
ac ua1
tot
als
.
 TABLE
4. P
HYSIO
LOGIC
AL RE
SPONS
ES
NUMB
ER O
F PR
OJEC
TS
 
EFFECT
TROPHIC LEVEL
N
O
I
l
E
l
d
E
G
i
N
H
I
H
l
n
N
N
O
I
L
D
N
n
j
1
1
1
9
(
S
S
B
H
L
S
)
4
1
V
i
O
i
H
E
H
L
O
A
3
0
1
O
H
l
V
d
l
N
E
N
d
O
W
H
A
B
G
T
V
A
I
A
H
H
S
B
N
I
L
W
H
O
N
A
H
O
L
S
I
H
H
i
l
l
N
O
I
i
V
N
I
N
I
l
J
D
V
/
N
O
I
l
V
l
d
V
O
V
S
N
I
G
H
E
J
N
O
I
i
D
ﬂ
O
O
H
d
H
E
A
i
I
l
V
L
H
O
N
S
I
S
E
H
L
N
A
S
O
l
O
H
d
N
O
I
l
E
H
S
X
E
N
O
I
L
V
H
n
d
E
G
N
S
I
l
O
ﬂ
V
l
H
N
E
N
V
l
d
n
H
l
M
O
H
B
N
O
I
i
V
H
I
d
S
H
H
A
l
l
D
I
X
O
l
M:
—
<
f
r
—
,
—
,
.
_
N
Ba
ct
er
ia
4
- Protozoans, Yeast, Fungi 1
,
.
_
_
Mac
rop
hyt
es
Phy
top
lan
kto
n
Zoopl
ankto
n
Ben
tho
s
Fish
Eggs
& Em
bryo
s
Fish Lar
vae & Fr
y
Adu
lt
Fis
h
Amphibians & Reptiles
Birds
Mammals
2
l
3
26
Nr
-
'
,
—
,
—
,
—
,
—
V
(
“
C
O
N
F
—
r
-
M,
—
,
—
,
.
_
11
N
N
N
I
—
F
l
—
M
M
O
O
N
m
e
m
m
m
N
N
o
:
Tota1*
31 7
18 12
2 7
4 6
5 9
16 3
4 1
2 2
6 7
4 18
163
    
 
 
 
  
 
  
 
 
 
 
     
* S
ome
pro
jec
ts
inv
olv
ed
the
eva
lua
tio
n o
f m
ore
tha
n o
ne
res
pon
se
or
tro
phi
c l
evel
.
 
A number of researchers are investigating substances that are not
considered to have long-term toxic persistence in the environment,
e.g. lampricides, ammonia, salt, acid, and phenol, but these studies are not
included in Tables 3 and 4. However, the results of these studies will be
useful in determining the responses of organisms to toxic substances in
general and in furthering our understanding of their effects on aquatic
community health in areas where contamination remains high because of constant
input.
Approximately 25 percent of the respondents are investigating modifying
factors including temperature, light, oxygen, pH, water chemistry, absorption
and desorption kinetics, and synergistic and antagonistic responses.
Acclimation, sex, and age of the organism, and its current levels of body
burdens (concentrations of contaminants in tissue) also are modifying factors
under investigation.
Overall, the results of the questionnaire were encouraging, suggesting
that researchers are investigating a variety of possible effects of persistent
toxic substances on the health and quality of aquatic communities. The
adequacy of this research will be evaluated as the activities of the Committee
continue.
2. THE ATMOSPHERIC POLLUTION INDICATORS TASK FORCE
Background
Article VI 1(1) of the l978 Great Lakes Water Quality Agreement calls
for
prog
rams
to i
dent
ify
airb
orne
poll
utan
t so
urce
s an
d th
eir
rela
tive
sour
ce
cont
ribu
tion
s f
or t
hose
subs
tanc
es
that
may
have
sign
ific
ant
adve
rse
effe
cts
on environmental quality. Further, Annex 12 of the Agreement stipulates that
monitoring and research programs in support of the Great Lakes International
Surveillance Plan be at a sufficient level to permit the identification of the
sou
rce
s o
f p
ers
ist
ent
tox
ic
sub
sta
nce
s (
Sec
tio
n 4
c);
the
est
abl
ish
men
t o
f a
n
early warning system to anticipate future toxic substances problems (Section
5);
and
the
int
ens
ifi
cat
ion
of
res
ear
ch
to
det
erm
ine
the
pat
hwa
ys,
fat
e,
and
effects of toxic substances to protect human health, fishery resources, and
wildlife of the Great Lakes Basin ecosystem.
Recognizing the possible utility of conservative indicators, such as
stab
le i
soto
pe a
bund
ance
vari
atio
n ra
tios
, in
dete
rmin
ing
the
rela
tive
proportion of materials derived from differing atmOSpheric sources, the Great
Lake
s Sc
ienc
e Ad
viso
ry B
oard
in i
ts 1
982
Annu
al
Repo
rt r
ecom
mend
ed t
hat:
- more research effort be directed toward the identification
of conservative indicators of atmospheric inputs.
- In 1983 the Science Advisory Board established the Task Force on
Atmospheric Pollution Indicators to determine the feasibility of this
tech
niqu
e an
d mo
re s
peci
fica
lly
iden
tify
rese
arch
need
s.
The
acti
viti
es o
f
the Task Force included the following:
  
 - four meetings;
-
forwarding
a
letter
to
a
select
group
of
geochemists
requesting
their
opinions
on
the
feasibility
of
using
atmospheric
pollution
indicator
substances;
-
reviewing
and
summarizing
the
responses
received
from
these
geochemists;
-
issuing
a
contract
to
a
consultant
to
provide
an
overview
on
the
use
of
stable
isotopes
as
atmospheric
pollution
indicators;
and
-
preparing
a
report
on
this
issue
including
conclusions,
a
recommendation,
and
possible
future
activities.
The
initial
activity
of
the
Task
Force
was
to
request
feedback
and
advice
from
a
select
group
of
geochemists
on
the
feasibility
of
utilizing
conservative
substances
as
indicators
of
atmospheric
pollution.
The
respondents
generally
noted
that
such
indicators
potentially
provide
a
tool
for
deducing
the
relative
contributions
of
atmospheric
pollution
from
differing
sources.
However,
a
great
degree
of
prior
effort
is
needed
to
account
for
large
temporal
and
spatial
variations
that
exist
in
pollutant
loadings
to
the
Great
Lakes
and
the
multiple
pollutant
inputs.
Since
questions
remained
unresolved
with
respect
to
the
feasibility
of
the
technique,
a
contract
was
awarded
to
a
specialized
geochemist
to
provide
an
overview
of
the
scientific
literature
addressing
the
conservative
indicator
subject
area.
This
overview
was
limited
to
a
discussion
of
the
three
elemental
isotopes
most
applicable
to
atmospheric
investigations:
sulphur,
oxygen,
and
lead.
Nitrogen
isotopes
were
not
discussed,
although
such
isotopes
have
been
successfully
used
in
determining
the
pollution
of
water
from
the
addition
o
f
f
e
r
t
i
l
i
ze
r
and
industrial
wa
s
t
e
material
to
land.
O
t
h
e
r
elements
were
excluded
because
of
small
isotopic
fractionation.
A
d
i
s
c
u
s
s
i
o
n
o
f
o
t
h
e
r
i
n
d
i
c
a
t
o
r
s
u
b
s
t
a
n
c
e
s
w
a
s
a
l
s
o
e
x
c
l
u
d
e
d
b
e
c
a
u
s
e
o
f
a
l
a
c
k
o
f
s
p
e
c
i
f
i
c
i
t
y
to
a
t
m
o
s
p
h
e
r
i
c
i
n
v
e
s
t
i
g
a
t
i
o
n
.
F
o
r
e
x
a
m
p
l
e
,
n
i
c
k
e
l
/
va
n
a
d
i
um
ratios
have
been
a
p
p
l
i
e
d
toward
i
d
e
n
t
i
f
yi
n
g
the
source
o
f
oil
f
r
o
m
oil
s
p
i
l
l
s
,
r
a
t
h
e
r
t
h
a
n
in
a
t
m
o
s
p
h
e
r
i
c
s
t
u
d
i
e
s
.
F
o
r
a
d
e
t
a
i
l
e
d
discussion
o
f
the
o
ve
r
vi
e
w
p
r
e
p
a
r
e
d
b
y
the
contractor,
refer
to
A
p
p
e
n
d
i
x
l
o
f
t
h
e
l
9
8
3
S
c
i
e
n
c
e
A
d
v
i
s
o
r
y
B
o
a
r
d
A
n
n
ua
l
R
e
p
o
r
t
.
T
h
i
s
A
p
p
e
n
d
i
x
wi
l
l
b
e
g
va
i
l
a
b
l
e
November,
l983
from
the
G
r
e
a
t
Lakes
Regional
Office
in
Windsor,
anada.
Findings
T
h
e
B
o
a
r
d
f
i
n
d
s
t
h
a
t
,
in
s
u
c
h
s
i
m
p
l
i
f
i
e
d
c
a
s
e
s
w
h
e
r
e
o
n
e
o
r
t
w
o
s
o
u
r
c
e
s
o
f
a
t
m
o
s
p
h
e
r
i
c
p
o
l
l
u
t
i
o
n
p
r
e
d
o
m
i
n
a
t
e
d
a
n
d
o
n
l
y
w
h
e
n
e
a
c
h
w
a
s
c
h
a
r
a
c
t
e
r
i
z
e
d
b
y
i
s
o
t
o
p
i
c
a
l
l
y
d
i
s
t
i
n
c
t
s
i
g
n
a
t
u
r
e
s
,
t
h
e
s
t
a
b
l
e
s
u
l
p
h
u
r
i
s
o
t
o
p
e
t
e
c
h
n
i
q
u
e
h
a
s
proven
to
be
a
feasible
m
e
t
h
o
d
for
i
d
e
n
t
i
f
yi
n
g
and
a
s
s
e
s
s
i
n
g
the
r
e
l
a
t
i
ve
c
o
n
t
r
i
b
u
t
i
o
n
s
o
f
s
u
l
p
h
u
r
f
r
o
m
t
h
e
s
e
s
o
u
r
c
e
s
.
I
s
o
t
o
p
e
a
b
u
n
d
a
n
c
e
v
a
r
i
a
t
i
o
n
s
we
re
also
found
to
be
useful
in
d
i
s
c
e
r
n
i
n
g
between
s
ul
p
h
ur
of
a
n
t
h
r
o
p
o
g
e
n
i
c
(due
to
m
a
n
'
s
a
c
t
i
v
i
t
i
e
s
)
a
n
d
n
a
t
ur
a
l
o
r
i
g
i
n
s
,
a
n
d
to
p
a
r
t
i
a
l
l
y
a
s
s
i
s
t
in
a
c
c
o
un
t
i
n
g
for
seasonal
va
r
i
a
t
i
o
n
s
in
a
t
m
o
s
p
h
e
r
i
c
deposition
loadings.
S
i
m
i
l
a
r
l
y
,
l
e
a
d
i
s
o
t
o
p
e
m
e
a
s
u
r
e
m
e
n
t
s
h
a
v
e
p
r
o
v
e
n
to
b
e
us
e
f
ul
in
t
r
a
c
i
n
g
lead
pathways.
C
o
n
s
e
q
ue
n
t
l
y,
such
m
e
a
s
ur
e
m
e
n
t
s
c
o
ul
d
be
used
to
d
i
f
f
e
r
e
n
t
i
a
t
e
b
e
t
w
e
e
n
a
n
t
h
r
o
p
o
g
e
n
i
c
a
n
d
n
a
t
u
r
a
l
i
n
p
ut
s
to
i
d
e
n
t
i
f
y
s
o
u
r
c
e
s
o
f
a
t
m
o
s
p
h
e
r
i
c
pollution,
and
to
c
o
n
s
t
r
uc
t
historical
records
o
f
such
inputs.
- 3 _
‘ Re
sear
ch o
n ox
ygen
isot
ope
meas
urem
ents
has
demo
nstr
ated
the
feas
ibil
ity
of
usi
ng
the
se i
sot
ope
s
for
dis
tin
gui
shi
ng
bet
wee
n s
ulp
hat
e t
ype
s.
How
eve
r,
it
mus
t b
e n
ote
d t
hat
the
oxy
gen
iso
top
ic
com
pos
iti
on
of
sec
ond
ary
sul
pha
te,
whi
ch
is
for
med
dur
ing
low
tem
per
atu
re
oxi
dat
ion
of
atm
osp
her
ic
sul
phu
r
dio
xid
e,
is
con
tro
lle
d b
y t
he
oxy
gen
iso
top
ic
com
pos
iti
on
of
atm
osp
her
ic
wat
er,
and
not
the
ori
gin
al
inp
ut
sou
rce
.
The
ref
ore
, t
he
use
of
oxy
gen
iso
top
ic
rat
ios
for
dis
tin
gui
shi
ng
bet
wee
n t
he
sou
rce
s o
f s
ulp
hur
in
the
atmOSphere is questionable.
The
Boa
rd
rec
ogn
ize
s t
hat
the
Gre
at
Lak
es
are
sub
jec
ted
to
air
bor
ne
con
tam
ina
nts
fro
m a
mul
tit
ude
of
sou
rce
s.
Unl
ess
all
the
se
sou
rce
s h
ave
uni
que
iso
top
ic
sig
nat
Ure
s,
the
fea
sib
ili
ty
of
tra
cin
g a
nd
ass
ess
ing
the
rel
ati
ve
con
tri
but
ion
s o
f a
irb
orn
e o
rga
nic
and
ino
rga
nic
mat
eri
als
, b
ase
d
sol
ely
on
iso
top
ic
abu
nda
nce
var
iat
ion
s,
wou
ld
not
be
fea
sib
le.
The
ran
ge
of
iso
top
ic
var
iat
ion
pos
sib
ly
enc
oun
ter
ed
in
the
atm
osp
her
e w
oul
d b
e s
mall
rela
tive
to t
he w
ide
arra
y of
pote
ntia
l a
tmos
pher
ic s
ourc
es o
f po
llut
ion.
:ur
the
r,
iso
top
ic
ove
rla
p h
as
bee
n f
oun
d t
o e
xis
t b
etw
een
dif
fer
ent
fos
sil
uels.
conclusions & Recoumendations
 
The
use
of
iso
top
ic
abu
nda
nce
var
iat
ion
s o
f s
ulp
hur
and
lea
d m
ay
be
usef
ul
in
dis
cer
nin
g b
etw
een
the
ir
ant
hrO
pog
eni
c a
nd
nat
ura
l o
rig
ins
.
How
eve
r,
the
sol
e u
se
of
iso
top
ic
com
pos
iti
ons
as
a m
eth
od
for
ded
uci
ng
the
rel
ati
ve
con
tri
but
ion
of
air
bor
ne
pol
lut
ant
s t
o t
he
Gre
at
Lak
es
is
not
currently feasible.
Therefore, the Board recommends that:
-
iso
top
ic
rat
ios
of
sul
phu
r
and
lea
d s
hou
ld
be
use
d
in
con
jun
cti
on
wit
h
the
dat
a
obt
ain
ed
fra
n
env
iro
nme
nta
l
mea
sur
eme
nt
pro
gra
ms
in
ord
er
to
ass
ist
in
the
pro
vis
ion
of
a b
ett
er
und
ers
tan
din
g o
f t
he
pro
por
tio
nal
con
tri
but
ion
s o
f
pol
lut
ant
s
to
the
Gre
at
Lak
es
fra
n
dif
fer
ent
sou
rce
s.
_ T
he
Sci
enc
e A
dvi
sor
y B
oar
d i
s c
urr
ent
ly
con
sid
eri
ng
the
des
ira
bil
ity
of
ex
pa
nd
in
g
th
is
ac
ti
vi
ty
by
ex
am
in
in
g
th
e
fe
as
ib
il
it
y
of
us
in
g
ot
he
r
su
bs
ta
nc
es
as
tra
cer
s f
or
the
mon
ito
rin
g o
f a
tmo
sph
eri
c p
oll
uta
nts
and
hos
tin
g a
wor
ksh
op
on
atm
OSp
her
ic
dep
osi
tio
n
of
con
tam
ina
nts
on
the
Gre
at
Lak
es.
3. THE GROUNDNATER CONTAMINATION TASK FORCE
Background
Alt
hou
gh
the
197
8 A
gre
eme
nt
doe
s n
ot
spe
cif
ica
lly
add
res
s g
rou
ndw
ate
r
co
nt
am
in
at
io
n
an
d
its
po
te
nt
ia
l
im
pa
ct
s
on
Gr
ea
t
La
ke
s
wa
te
r
qu
al
it
y,
it
do
es
ide
nti
fy
sou
rce
s o
f p
oll
uti
on
tha
t c
an
con
tam
ina
te
the
Gre
at
Lak
es
via
gro
und
wat
er
rou
te
(e.
. a
gri
cul
tur
al
app
lic
ati
ons
,
was
te
dis
pos
al
pra
cti
ces
and
oth
er
lan
d u
se
act
ivi
tie
s).
It
als
o r
eco
mme
nds
tha
t p
oll
uti
on
aba
tem
ent
pr
og
ra
ms
be
es
ta
bl
is
he
d
to
re
du
ce
co
nt
am
in
an
t
lo
ad
in
gs
fr
om
su
ch
so
ur
ce
s.
Rep
ort
s o
f r
ece
nt
eve
nts
doc
ume
nt
the
mov
eme
nt
of
tox
ic
org
ani
c a
nd
in
or
ga
ni
c
co
mp
ou
nd
s
fr
om
wa
st
e
di
sp
os
al
si
te
s
an
d
le
ak
y
st
or
ag
e
ta
nk
s
th
ro
ug
h
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t
h
e
s
o
i
1
a
n
d
i
n
t
o
g
r
o
u
n
d
w
a
t
e
r
.
A
n
i
m
p
o
r
t
a
n
t
e
v
e
n
t
i
n
t
h
e
G
r
e
a
t
L
a
k
e
s
B
a
s
i
n
i
s
i
t
h
e
1
e
a
c
h
i
n
g
o
f
t
o
x
i
c
a
n
t
s
f
r
o
m
t
h
e
L
o
v
e
C
a
n
a
1
a
r
e
a
(
N
e
w
Y
o
r
k
)
i
n
t
o
t
h
e
N
i
a
g
a
r
a
'
R
i
v
e
r
.
F
u
r
t
h
e
r
,
i
n
1
9
8
1
a
n
d
1
9
8
2
,
t
h
e
G
r
e
a
t
L
a
k
e
s
H
a
t
e
r
Q
u
a
1
i
t
y
B
o
a
r
d
I
i
d
e
n
t
i
f
i
e
d
o
t
h
e
r
1
o
c
a
t
i
o
n
s
w
h
e
r
e
t
o
x
i
c
s
u
b
s
t
a
n
c
e
s
f
r
o
m
h
a
z
a
r
d
o
u
s
w
a
s
t
e
d
i
s
p
o
s
a
1
s
i
t
e
s
m
a
y
h
a
v
e
a
d
v
e
r
s
e
e
f
f
e
c
t
s
o
n
t
h
e
G
r
e
a
t
L
a
k
e
s
e
c
o
s
y
s
t
e
m
.
T
h
e
s
e
a
r
e
a
s
i
n
c
1
u
d
e
t
h
e
G
r
a
n
d
C
a
1
u
m
e
t
R
i
v
e
r
/
I
n
d
i
a
n
a
H
a
r
b
o
r
C
a
n
a
1
;
t
h
e
B
1
a
c
k
,
C
u
y
a
h
o
g
a
a
n
d
A
s
h
t
a
b
u
1
a
r
i
v
e
r
s
i
n
O
h
i
o
,
a
n
d
t
h
e
S
t
.
L
a
w
r
e
n
c
e
R
i
v
e
r
a
t
M
a
i
t
1
a
n
d
,
O
n
t
a
r
i
o
a
n
d
M
a
s
s
e
n
a
,
N
e
w
Y
o
r
k
.
I
n
r
e
S
p
o
n
s
e
t
o
t
h
e
p
u
b
1
i
c
c
o
n
c
e
r
n
a
b
o
u
t
c
o
n
t
a
m
i
n
a
t
i
o
n
o
f
g
r
o
u
n
d
w
a
t
e
r
s
a
n
d
s
u
r
f
a
c
e
w
a
t
e
r
s
t
h
r
o
u
g
h
1
e
a
c
h
i
n
g
o
f
p
0
1
1
u
t
a
n
t
s
f
r
o
m
h
a
z
a
r
d
o
u
s
w
a
s
t
e
s
i
t
e
s
i
n
t
o
g
r
o
u
n
d
w
a
t
e
r
,
t
h
e
U
n
i
t
e
d
S
t
a
t
e
s
g
o
v
e
r
n
m
e
n
t
i
n
1
9
8
0
p
a
s
s
e
d
t
h
e
C
o
m
p
r
e
h
e
n
s
i
v
e
E
n
v
i
r
o
n
m
e
n
t
a
1
R
e
s
p
o
n
s
e
,
C
o
m
p
e
n
s
a
t
i
o
n
a
n
d
L
i
a
b
i
T
i
t
y
A
c
t
(
C
E
R
C
L
A
o
r
S
u
p
e
r
f
u
n
d
)
t
o
p
r
o
v
i
d
e
f
o
r
t
h
e
1
i
a
b
i
1
i
t
y
,
c
o
m
p
e
n
s
a
t
i
o
n
a
n
d
c
1
e
a
n
u
p
o
f
h
a
z
a
r
d
o
u
s
s
u
b
s
t
a
n
c
e
s
r
e
1
e
a
s
e
d
t
o
t
h
e
e
n
v
i
r
o
n
m
e
n
t
f
r
o
m
i
n
a
c
t
i
v
e
h
a
z
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s
i
t
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T
h
e
s
u
b
s
u
r
f
a
c
e
d
i
S
p
o
s
a
1
o
f
h
a
z
a
r
d
o
u
s
1
i
q
u
i
d
w
a
s
t
e
s
i
s
n
o
1
o
n
g
e
r
a
n
a
c
c
e
p
t
a
b
1
e
p
r
o
c
e
d
u
r
e
i
n
O
n
t
a
r
i
o
,
C
a
n
a
d
a
.
D
u
r
i
n
g
i
t
s
1
9
8
2
r
e
s
e
a
r
c
h
r
e
v
i
e
w
,
t
h
e
G
r
e
a
t
L
a
k
e
s
S
c
i
e
n
c
e
A
d
v
i
s
o
r
y
B
o
a
r
d
f
o
u
n
d
t
h
a
t
t
h
e
r
e
w
a
s
m
i
n
i
m
a
1
r
e
s
e
a
r
c
h
e
x
a
m
i
n
i
n
g
G
r
e
a
t
L
a
k
e
s
c
o
n
t
a
m
i
n
a
t
i
o
n
v
i
a
g
r
o
u
n
d
w
a
t
e
r
.
T
h
e
B
o
a
r
d
r
e
c
o
m
m
e
n
d
e
d
i
n
i
t
s
1
9
8
2
r
e
p
o
r
t
t
h
a
t
"
g
r
o
u
n
d
w
a
t
e
r
r
e
s
o
u
r
c
e
s
o
f
t
h
e
G
r
e
a
t
L
a
k
e
s
S
y
s
t
e
m
b
e
s
t
u
d
i
e
d
t
o
d
e
t
e
r
m
i
n
e
p
o
t
e
n
t
i
a
1
c
o
n
t
a
m
i
n
a
t
i
o
n
r
o
u
t
e
s
v
i
a
t
h
i
s
s
o
u
r
c
e
a
n
d
t
o
e
s
t
a
b
1
i
s
h
m
i
t
i
g
a
t
i
v
e
m
e
a
s
u
r
e
s
.
"
I
n
1
9
8
3
t
h
e
S
c
i
e
n
c
e
A
d
v
i
s
o
r
y
B
o
a
r
d
e
s
t
a
b
1
i
s
h
e
d
a
G
r
o
u
n
d
w
a
t
e
r
C
o
n
t
a
m
i
n
a
t
i
o
n
T
a
s
k
F
o
r
c
e
t
o
a
s
s
e
s
s
t
h
e
s
i
g
n
i
f
i
c
a
n
c
e
o
f
c
o
n
t
a
m
i
n
a
t
i
o
n
v
i
a
g
r
o
u
n
d
w
a
t
e
r
o
n
G
r
e
a
t
L
a
k
e
s
w
a
t
e
r
q
u
a
1
i
t
y
.
T
h
e
a
c
t
i
v
i
t
i
e
s
o
f
t
h
e
T
a
s
k
F
o
r
c
e
i
n
c
1
u
d
e
d
t
h
e
fo11owing:
-
f
o
u
r
m
e
e
t
i
n
g
s
;
-
i
n
q
u
i
r
i
n
g
a
b
o
u
t
t
h
e
a
v
a
i
1
a
b
i
1
i
t
y
o
f
i
n
f
o
r
m
a
t
i
o
n
o
n
g
r
o
u
n
d
w
t
e
r
c
o
n
t
a
m
i
n
a
t
i
o
n
i
n
t
h
e
G
r
e
a
t
L
a
k
e
s
B
a
s
i
n
;
-
i
s
s
u
i
n
g
t
w
o
c
o
n
t
r
a
c
t
s
,
o
n
e
t
o
a
C
a
n
a
d
i
a
n
c
o
n
s
u
1
t
a
n
t
a
n
d
t
h
e
o
t
h
e
r
t
o
a
U
n
i
t
e
d
S
t
a
t
e
s
c
o
n
s
u
1
t
a
n
t
t
o
a
s
s
i
s
t
i
n
d
e
t
e
r
m
i
n
g
t
h
e
s
i
g
n
i
f
i
c
a
n
c
e
o
f
t
h
e
g
r
o
u
n
d
w
a
t
e
r
c
o
n
t
a
m
i
n
a
t
i
o
n
p
r
o
b
1
e
m
i
n
t
h
e
G
r
e
a
t
L
a
k
e
s
B
a
s
i
n
;
-
o
b
t
a
i
n
i
n
g
a
s
s
i
s
t
a
n
c
e
f
r
o
m
a
c
o
n
s
u
1
t
a
n
t
a
t
t
h
e
n
o
r
t
h
e
a
s
t
e
r
n
R
e
g
i
o
n
a
1
O
f
f
i
c
e
o
f
t
h
e
U
n
i
t
e
d
S
t
a
t
e
s
G
e
o
1
o
g
i
c
a
1
S
u
r
v
e
y
t
o
c
o
m
p
i
1
e
i
n
f
o
r
m
a
t
i
o
n
p
e
r
t
i
n
e
n
t
t
o
t
h
e
g
r
o
u
n
d
w
a
t
e
r
c
o
n
t
a
m
i
n
a
t
i
o
n
p
r
o
b
1
e
m
i
n
t
h
e
U
n
i
t
e
d
S
t
a
t
e
s
s
e
c
t
i
o
n
o
f
t
h
e
G
r
e
a
t
L
a
k
e
s
B
a
s
i
n
;
a
n
d
-
p
r
e
p
a
r
i
n
g
a
r
e
p
o
r
t
o
n
t
h
i
s
i
s
s
u
e
,
i
n
c
1
u
d
i
n
g
c
o
n
c
1
u
s
i
o
n
s
a
n
d
r
e
c
o
m
m
e
n
d
a
t
i
o
n
s
.
T
h
e
r
e
p
o
r
t
s
o
f
t
h
e
t
h
r
e
e
c
o
n
s
u
1
t
a
n
t
s
a
r
e
i
n
c
1
u
d
e
d
i
n
A
p
p
e
n
d
i
x
2
o
f
t
h
e
_
1
9
8
3
S
c
i
e
n
c
e
A
d
v
i
s
o
r
y
B
o
a
r
d
A
n
n
u
a
1
R
e
p
o
r
t
w
h
i
c
h
w
i
1
1
b
e
a
v
a
i
1
a
b
1
e
o
n
N
o
v
e
m
b
e
r
,
1
9
8
3
f
r
a
n
t
h
e
G
r
e
a
t
L
a
k
e
s
R
e
g
i
o
n
a
1
O
f
f
i
c
e
i
n
W
i
n
d
s
o
r
,
C
a
n
a
d
a
.
F
i
n
d
i
n
g
s
.
l
G
r
o
u
n
d
w
a
t
e
r
i
s
a
"
h
i
d
d
e
n
r
e
s
o
u
r
c
e
.
"
U
n
f
o
r
t
u
n
a
t
e
1
y
b
e
c
a
u
s
e
i
t
i
s
"
o
u
t
o
f
‘
s
i
g
h
t
,
"
i
t
i
s
o
f
t
e
n
"
o
u
t
o
f
m
i
n
d
"
a
n
d
g
e
n
e
r
a
1
1
y
n
o
t
i
n
c
1
u
d
e
d
i
n
e
n
v
i
r
o
n
m
e
n
t
a
1
a
s
s
e
s
s
m
e
n
t
r
e
s
e
a
r
c
h
p
r
o
g
r
a
m
s
.
S
e
v
e
r
a
1
m
a
j
o
r
m
u
n
i
c
i
p
a
1
i
t
i
e
s
i
n
t
h
e
G
r
e
a
t
L
a
k
e
s
B
a
s
i
n
d
e
p
e
n
d
p
r
i
m
a
r
i
1
y
o
n
g
r
o
u
n
d
w
a
t
e
r
s
f
o
r
m
u
n
i
c
i
p
a
1
,
i
n
d
u
s
t
r
i
a
1
,
a
n
d
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 agriculture
water
supplies
despite
the
accessibility
to
Great
Lakes
surface
waters.
Among
them
are:
Milwaukee,
Wisconsin;
Rochester,
New
York;
and
Saginaw,
Michigan.
Groundwater
is
an
essential
resource
to
at
least
3
million
people
in
the
Great
Lakes
Basin.
The
Board's
concern
is
the
potential
for
contaminated
waters
moving
via
the
groundwater
route
to
enter
and
contaminate
the
Great
Lakes.
To
address
this
concern,
it
is
important
to
know:
(1)
the
configurations,
yields,
and
transport
properties
of
the
groundwaters
of
the
Great
Lakes
regions
which
may
act
as
conduits
or
receptors
for
contaminants
going
to
and
from
the
Great
Lakes;
and
(2)
the
locations,
capacities,
and
chemical
contents
of
sources
which
may
leach
contaminants
into
the
groundwaters
going
to
the
lakes.
General
information
exists
on
the
geographic
locations,
capacity
and
yield
of
groundwater
areas
in
the
Great
Lakes
Basin.
In
1963
the
United
States
Geological
Survey
reviewed
the
groundwater
characteristics
of
the
United
States
on
a
state
by
state
basis.
In
1975
the
Great
Lakes
Basin
Commission
compiled
much
of
the
information
on
the
geology
and
groundwater
resources
of
the
Great
Lakes
Basin.
Similarly,
the
Ontario
Ministry
of
the
Environment
has
documented
groundwater
resources
in
most
of
the
Canadian
side
of
the
Great
Lakes
Basin
and
identified
many
areas
that
are
susceptible
to
groundwater
contamination.
Despite
these
efforts,
there
are
major
gaps
in
the
knowledge
concerning
the
extent
of
groundwater
contamination
in
the
Great
Lakes
Basin:
a)
Susceptibility
maps
currently
available
only
indicate
the
potential
for
groundwater
contamination
and
do
not
include
information
on
the
extent
of
actual
contamination
in
the
Great
Lakes
Basin.
b)
Investigations
of
groundwater
quality
in
the
Great
Lakes
Basin
have
general
y
been
undertaken
within
the
context
of
the
local
environment
and
local
water
supplies.
The
direct
application
of
the
results
of
these
studies
to
the
potential
effects
on
Great
Lakes
water
quality
has
seldom
been
considered.
c)
The
physiochemical
properties
of
chemical
substances
that
affect
their
transport,
attenuation
and
fate
during
their
movement
through
various
layers
of
soil
are
poorly
understood.
More
is
known
about
the
potential
sources
of
groundwater
contamination
'
because
of
efforts
in
both
the
United
States
and
Canada
to
document
land
use
activities
and
enumerate
buriedlandfills,
dump
sites,
and
repositories
for
wastes
(solid
and
liquid).
These
efforts
have
produced
the
following
information:
1)
United
States:
The
U.S.
Environmental
Protection
Agency
had
identified
l,930
hazardous
waste
sites
within
the
U.S.
portion
of
the
Great Lakes watershed.
(a)
74
sites
were
given
priority
for
immediate
cleanup
with
Superfund
monies.
These
sites
are
not
uniformly
distributed
within
the
watershed
(Figure
l),
but
tend
to
be
concentrated
in
the
more
densely
populated
portions
of
the
Great
Lakes
Basin
where
agricultural
and
industrial
activities
are
intense.
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NOTE:
Count
ies
are
desgn
ated
by
numbers. F
or numbers
of sites
per
count
y ref
er to
Appen
dix
2
avaiiab
ie from
the Gre
at Lake
s
Regional
Office,
Windsor,
Canada
 The largest clusters of sites are in the Niagara River area of
New York; in the Cleveland, Akron, and Ashtabula areas of Ohio;
and in Cook County area of Illinois.
(b) Besides the Niagara River problems in New York, the EPA
acknowledges two areas where pollutants entered the Great Lakes
from existing sites: near Chicago, and near Ashtabula, Ohio.
2)
Canada: The total number of hazardous waste sites in the Great
Lakes portion of Ontario were not available to the Task Force during
the preparation of this report. The Ministry of Environment is
currently updating its inventory of licensed waste disposal sites in
the Province of Ontario.
This information will be availabale by the
end of 1983. However, based on a report prepared by the Pollution
from Land Use Activities Reference Group (PLUARG) in 1977, the
number of licensed waste disposal sites in the Canadian side of the
Great Lakes Basin was l,056 as of January 31, 1974. The
distribution of these sites is included in Figure 1.
Only l3 of
these sites were reported to include hazardous waste.
With the abundance of waste disposal sites in the Great Lakes watershed,
and the wide range of hydrogeological settings in this area, the frequency of
breakout of pollutants into the Great Lakes will likely increase in the
future. Mercury, lead, and PCB concentrations in lake sediments show patterns
of distribution that correlate with the intensive industrial activities and
concentrations of urban centers in the Basin. Detectable amounts of
contaminants are also found in tributaries in areas where clusters of waste
disposal sites are located.
There is limited information on the contributions of groundwaters to the
Great Lakes. The International Field Year for the Great Lakes (IFYGL) in
1972 was the first joint cooperative effort between Canada and United States
to develop an understanding of the hydrological cycle of Lake Ontario. Some
groundwater measurements were made, but most of the estimates of groundwater
contributions were based on "material balance methods." From this limited
work, direct groundwater inflow to Lake Ontario, excluding exchange through
lake bottom or the contributions of groundwater to river and’tributary base
flows, was estimated to be less than one percent of’the average outflow. The
sfﬁaies showed that these groundwater flows contributed little to total
nitrogen, phosphorus and chloride loads.
 
0n the other hand, groundwater contributions through upwelling to river
and tributary base flow may be of major importance. For Lake Ontario,
estimates range from 20-78 percent of river and tributary base flow as being
of groundwater origin. Since most inputs to Lake Ontario of both flows and
loadings of nitrogen, phosphorus, and chloride are not only from the Niagara
River but also from tributaries, this aspect of groundwater becomes important.
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In l972, at the direction of the Parties, the International Joint
Commission appointed an International Reference Group on Great Lakes Pollution
from Land Use Activities (PLUARG) to study and assess the importance of
nonpoint sources of pollution, including surface runoff from all land uses,
and groundwater inflows for the entire Great Lakes Basin.
PLUARG concluded
that the chemical quality of groundwater in the Basin was generally good and
representative of near natural conditions,
except for local areas where
contamination, notably chloride and nitrate, were observed.
PLUARG recognized
that population
increases and economic growth would generate increased
quantities of wastes requiring treatment and disposal.
Disposal
sites and
waste treatment facilities were potential
sources of pollutants such as toxic
inorganic and organic chemicals, excess nutrients, suspended solids, and
pathogens which
would
impact
Great
Lakes water
quality.
Institutional mechanisms to control hazardous and toxic waste disposal are
in place in Canada and the United States, but pollution threats from past
practices and illegal dumping will
linger for years.
Remedial
programs in the
United States
exist
to
rehabilitate
Superfund
sites,
but many
sites
not on
the
present Superfund list may be current or future sources of Great Lakes
contamination.
In
Canada,
the
Ontario
Ministry
of
Environment
released
in
June
l983
an
extensive
set
of
proposals
for the
improved
handling
of
the
7.2
million
tonnes of household
garbage
and
the
270 million
litres
of industrial
waste
produced
in
Ontario.
The
Ministry currently
is
soliciting comments
and
suggestions
from
industry,
municipalities,
and
the
public
regarding
these
proposals.
Groundwaters
are
difficult
and
expensive
to
study
and
monitor.
Most
environmental
research
on
groundwater
is
more
an
art
than
science
because
of
a
lack
of
established
samplin
protocols
and
plans,
unusual
sampling
methods,
the
need
to
use
very
specia
ized
and
customized
equipment,
and
inadequate
statistical
models
of
groundwater
chemical
and
microbiological
parameters.
Yet
the
need
to
monitor
groundwaters
near
hazardous
waste
sites
creates
an
urgency
to
bring
groundwater
study
methods
out
of
the
research
realm
and
into
surveillance activities.
Conclusions
and
Recommendations
Many
controlled
and
uncontrolled
waste
disposal
sites
are
located
within
the
Great
Lakes
Basin.
These
sites
may
contain
solid
and
liquid
wastes
contaminated
with
hazardous
and
toxic
substances.
While
the
fate
of
these
toxic
substances
is
often
uncertain,
there
are
known
cases
where
these
toxic
chemicals
have
contaminated
groundwater
that
in
turn
has
reached
the
Great
Lakes
environment.
Areas
prone
to
groundwater
contamination
from
high
concentrations
of
waste
diSposal
sites
and/or
intensive
land
use
activities
are
considered
to
be
of
potential
concern.
The
Science
Advisory
Board
recognizes
that
inadequacies
may
exist
in
the
knowledge
about
the
extent,
capacity
and
yields
of
Great
Lakes
groundwater
supplies.
This
may
require
further
investigations.
However,
all
of
the
available
information
points
to
major
deficiences
in
the
knowledge
of
the
nature
and
extent
of
groundwater
contamination
in
the
Basin.
Existing
estimates
of
groundwater
flows
into
the
Great
Lakes
are
unreliable
and
efforts
to
estimate
groundwater
inflows
from
areas
with
high
concentrations
of
known
or
suspected
hazardous
waste
sites
are
very
limited.
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Therefore the Science Advisory Board recommends that:
(a) drawing upon the already existing groundwater data and
augmenting them where deficient, the jurisdictions should
provide detailed mapping and analysis of those areas of
potential concern in order to assess the extent of
groundwater contamination in the Great Lakes Basin;
(b) waste disposal sites should be classified according to
hydrologic settings and proximity to streams, lakes, and
areas of aquifér infiltration. Sites should be grouped
according to tributary basins and to land use for the
purpose of developing a monitoring strategy;
(c) sampling methods and strategy should be developed for the
monitoring of groundwater quality in the Great Lakes Basin; and
(d) groundwater research capabilities should be developed and
maintained in order to understand the transport mechanism of
toxic substances both to the aquifers and the lakes, and to
achieve recommendations (a) to (c).
4. THE POLYNUCLEAR AROMATIC HYDROCARBONS (PAHS) AND TOXAPHENE TASK FORCE
In 1
983
the
Scie
nce
Advi
sory
Boar
d es
tabi
ishe
d a
Task
Forc
e to
inve
stig
ate
the
pote
ntia
i e
ffec
ts o
f PA
Hs a
nd t
oxap
hene
on t
he G
reat
Lake
s ec
osys
tem.
The
act
ivi
tie
s o
f t
he
Tas
k F
orc
e
inc
iud
ed
the
foi
Tow
ing
:
three meetings;
rev
iew
of
sc1
ent
ifi
c l
ite
rat
ure
on
PAH
s a
nd
tox
aph
ene
; a
nd
-
uti
Tiz
ati
on
of
the
inf
orm
ati
on
gen
era
ted
by
the
Aqu
ati
c E
cos
yst
em
Obj
ect
ive
s C
omm
itt
ee
(AE
OC)
on
PAH
s i
n t
he
pre
par
ati
on
of
thi
s r
epo
rt.
Background on PAHs
Poi
ynu
cie
ar
aro
mat
ic
hyd
roc
arb
ons
(PA
Hs)
are
for
med
dur
ing
inc
omp
Tet
e
com
bus
tio
n
of
mos
t o
rga
nic
mat
ter
.
Sin
ce
the
y
occ
ur
in
nat
ure
thr
oug
h
for
est
fir
es,
etc
.,
onT
y
som
e
per
cen
tag
e
of
the
m
wou
1d
be
con
sid
ere
d
ant
hro
pog
eni
c.
It
has
bee
n
est
ima
ted
tha
t
in
Ont
ari
o
onT
y
abo
ut
50
per
cen
t o
f
PAH
s
in
the
at
mo
sp
he
re
ar
e
de
ri
ve
d
fr
om
ma
n'
s
ac
ti
vi
ti
es
.
The
re
is
con
cer
n
for
PAH
s
in
our
env
iro
nme
nt
bec
aus
e
of
the
ir
har
mfu
i
bio
log
ica
i
act
ivi
ty
and
ubi
qui
tou
sne
ss.
Man
y
PAH
s
are
con
sid
ere
d
car
cin
o e
nic
:
ben
z(a
)an
thr
ace
ne,
dib
enz
(a,
h)a
nth
rac
ene
,
ben
zo(
b)f
1uo
ran
the
ne,
ben
zo(
j f
iuo
ran
the
ne,
ben
zo(
a)n
yre
ne,
ben
zo(
e)p
yre
ne
and
chr
yse
ne.
Som
e
ot
he
rs
ar
e
th
ou
gh
t
no
t
to
be
ca
rc
in
og
en
ic
:
an
th
ra
ce
ne
,
ph
en
an
th
re
ne
,
fiuorene, pyrene, and peryiene.
Man
y s
ymp
osi
a
and
wor
ksh
ops
hav
e b
een
he
r
on
the
sou
rce
s,
eff
ect
s,
an
d
fa
te
of
PAH
s.
On
e
of
th
e
mo
st
re
ce
nt
wa
s
he
r
at
Ba
tt
ei
ie
's
Co
lu
mb
us
Lab
ora
tor
ies
,
the
sev
ent
h
of
a s
eri
es
he
r
the
re.
The
Sev
ent
h
Int
ern
ati
ona
]
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 Sy
mp
os
iu
m
wa
s
sp
on
so
re
d
by
th
e
U.
S.
En
vi
ro
nm
en
ta
l
Pr
ot
ec
ti
on
Ag
en
cy
,
El
ec
tr
ic
Po
we
r
Re
se
ar
ch
In
st
it
ut
e,
th
e
In
te
rn
at
io
na
l
Jo
in
t
Co
mm
is
si
on
on
be
ha
lf
of
th
e
AE
OC
,
an
d
Ba
tt
el
le
.
Ex
pe
rt
s
fr
om
se
ve
ra
l
co
un
tr
ie
s
at
te
nd
ed
th
e
sy
mp
os
iu
m.
Si
x
se
ss
io
ns
,
ab
ou
t
ev
en
ly
di
vi
de
d
wi
th
in
th
e
ch
em
is
tr
y
an
d
bi
ol
og
y
fi
el
ds
,
we
re
he
ld
,
as
we
re
tw
o
po
st
er
se
ss
io
ns
.
Fo
ll
ow
in
g
th
e
sy
mp
os
iu
m,
a
Sp
ec
ia
l
se
ss
io
n
wa
s
he
ld
by
th
e
AE
OC
to
re
vi
ew
th
e
pr
op
os
ed
PA
Hs
ob
je
ct
iv
e.
Bas
ed
on
the
res
ult
s
of
the
sym
pos
ium
and
the
spe
cia
l
ses
sio
n,
the
AEO
C
pr
ep
ar
ed
a
po
si
ti
on
pa
pe
r
an
d
de
ve
lo
pe
d
an
ob
je
ct
iv
e
fo
r
PA
Hs
us
in
g
th
e
ne
w
in
fo
rm
at
io
n
de
ve
lo
pe
d
fr
om
the
sy
mp
os
iu
m
an
d
re
se
ar
ch
re
vi
ew
s
(se
e
th
e
AE
OC
's
19
83
re
po
rt
wh
ic
h
is
pu
bl
is
he
d
se
pa
ra
te
ly
).
Findings
Th
e
Bo
ar
d
no
te
s
fr
om
th
e
AE
OC
's
re
po
rt
th
at
th
e
ex
po
su
re
of
or
ga
ni
sm
s
in
the
Gre
at
Lak
es
to
PAH
s
is
ext
ens
ive
and
per
vas
ive
.
The
PAH
s
mos
t
com
mon
ly
fou
nd
in
sed
ime
nts
and
wat
er
are
the
typ
es
for
med
thr
oug
h
com
bus
tio
n.
Acc
umu
lat
ion
of
PAH
s c
an
occ
ur
in
org
ani
sms
bel
ow
fis
h
in
the
foo
d c
hai
n.
The
enz
yme
s o
f h
igh
er
org
ani
sms
, h
owe
ver
,
rea
dil
y m
eta
bol
ize
the
mat
eri
al.
Unf
ort
una
tel
y,
the
sig
nif
ica
nce
of
the
se
met
abo
lit
ies
and
the
har
m t
hey
mig
ht
cau
se
is
onl
y
poo
rly
kno
wn
and
the
ref
ore
con
sti
tut
es
a c
onc
ern
.
The
ref
ore
,
it
may
be
wis
e t
o l
imi
t t
he
con
sum
pti
on
of
fis
h c
aug
ht
in
are
as
kno
wn
to
be
highly contaminated with PAHs.
Wit
h e
ver
imp
rov
ing
ana
lyt
ica
l
cap
abi
lit
ies
, m
ore
mol
ecu
lar
for
ms
of
PAH
s
are
fou
nd
tha
n t
hos
e c
ons
ide
red
in
pre
sen
t a
nd
pr0
pos
ed
sta
nda
rds
.
For
thi
s
rea
son
, w
ate
r s
hou
ld
be
mon
ito
red
whe
re
hig
her
sed
ime
nt
res
idu
es
of
PAH
s a
re
foun
d.
Add
iti
ona
l m
oni
tor
ing
eff
ort
s a
re
rec
omm
end
ed
for
ben
thi
c o
rga
nis
ms
sin
ce
the
y b
ioa
ccu
mul
ate
PAH
s,
and
in
riv
er
sys
tem
s b
eca
use
par
tic
les
containing absorbed PAHs remain in suspension. Moreover, the AEOC recommends
tha
t s
tud
ies
be
mad
e o
n t
he
eff
ect
s o
f P
AHs
on
ben
thi
c o
rga
nis
ms
and
on
fis
h
residing in areas where sediment residues are high.
The AEOC recommended that, for the protection of aquatic life, the levels
of b
enzo
(a)p
yren
e in
the
sedi
ment
s or
in o
rgan
isms
serv
ing
as a
food
sour
ce
for fish should not exceed 1.0 ug/g, and that levels of benzo(a)pyrene in
water should be less than 0.01 ug/L. Other 3-5 ring PAHs have been observed
in the Great Lakes ecosystem, some of which are carcinogenic and are strong
inducers of mixed function oxidase (physiological) enzymes. These may be of
equal or greater concern.
Conclusions and Recommendations
The Board supports the conclusions and recommendations of the Aquatic
Ecosystem ObJectives Committee (AEOC) regarding PAHs (refer to the 1983 AEOC's
report for detail). Further, the Board recommends that:
- the Commission encourage the Governnents to find ways of
reducing anthropogenic sources of PAHs and to ensure that
the role of these canpounds with respect to the health of
the living components of the Great Lakes ecosystem is fully
i nvesti gated .
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 Background on Toxaphene
 
Toxaphene was first introduced as a pesticide in 1947.
Its use increased
greatly after the banning of DDT in 1969.
Originally toxaphene was used as an
insecticide for control of cotton and soybean crop-damaging pests,
and as a
piscicide in fish management programs.
The use of toxaphene to remove unwanted fish created more than several
restocking
disasters.
Toxaphene
deposited
in
lake
sediments
became
re-
available as a toxicant through resuspension.
Some lakes could not be
successfully restocked for up to five years.
It was not long after such
restocking failures
that toxaphene was replaced with the more expensive
piscicide, rotenone.
The use of toxaphene grew through the years, reaching a yearly average of
27 million lbs.
in the middle 1970's.
Use patterns in the early years were
confined to the cotton belt of the south and the San Joaquin Valley of
California.
With the development of the more effective and cost competitive synthetic
pyrethrins, toxaphene use on cotton pests dropped to about one million lbs. in
1978.
However, use patterns for toxaphene also changed, shifting from the
cotton belt to the north-central and mid-western states.
Since about 1978
toxaphene has been used on alfalfa, corn, peanuts, rice, sorghum, silage,
soybeans, wheat, and sunflowers, as well as on cotton.
Recently, it has been
used as a herbicide.
These new uses combined with cotton use resulted in
about 16 million lbs. being applied in 1978.
Findings
Concerns about environmental and health effects of toxaphene increased
greatly in the late 1970's. It was known to be highly persistent,
bioaccumulative, and quite toxic to fish. Further, toxaphene was
contaminating Great Lakes fish to as high as 25 ppm in lake trout fillets. As
concluded by the Water Quality Board in its 1982 report to the Commission, the
finding of toxaphene residues in fish collected from a large lake in the
center of Isle Royal in Lake Superior indicates that the Great Lakes are being
contaminated through aerial transport. Other explanations for the presence 0
toxaphene in Great Lakes fish have been offered, but the Board believes aerial
transport to be the most plausible.
Recent information indicates that toxaphene has caused cancer in mouse
liver and therefore is a suspect in producing cancer in humans. This finding
tipped the scales in favor of banning toxaphene use. In late 1982 the United
States Environmental Protection Agency withdrew the registered uses of
toxaphene, with few exceptions. Canada greatly restricted the use of
toxaphene in 1980.
Conclusions and Recommendations
The Board is encouraged by the recent curtailments of toxaphene use and
the current research into the health effects from exposure to toxaphene.
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 Ho
we
ve
r,
kn
ow
le
dg
e
ga
ps
re
ma
in
re
ga
rd
in
g
th
e
so
ur
ce
s,
pa
th
wa
ys
,
an
d
fa
te
of
res
idu
al
tox
aph
ene
in
the
env
iro
nme
nt.
Fur
the
r,
the
Boa
rd
not
es
fro
m
a r
ece
nt
in
te
rl
ab
or
at
or
y
st
ud
y
co
nd
uc
te
d
by
th
e
Da
ta
Qu
al
it
y
Wo
rk
Gr
ou
p
of
th
e
Wa
te
r
Qu
al
it
y
Bo
ar
d
th
at
ma
ny
la
bo
ra
to
ri
es
co
nd
uc
ti
ng
pe
st
ic
id
e
re
si
du
e
an
al
ys
es
ar
e
cu
rr
en
tl
y
in
ca
pa
bl
e
of
id
en
ti
fy
in
g
to
xa
ph
en
e
an
d
qu
an
ti
fy
in
g
its
le
ve
ls
.
Th
is
is
du
e
to
th
e
fa
ct
th
at
to
xa
ph
en
e
is
a
co
mp
le
x
mi
xt
ur
e
of
ch
lo
ri
na
te
d
ca
mp
he
ne
.
If
th
e
en
vi
ro
nm
en
ta
l
ef
fe
ct
s
of
to
xa
ph
en
e
ar
e
to
be
un
de
rs
to
od
an
d
its
lev
els
in
the
env
iro
nme
nt
are
to
be
kno
wn,
ana
lyt
ica
l
mea
sur
eme
nts
mus
t
be
improved.
Therefore, the Board recommends that:
-
the
Com
mis
sio
n
urg
e
the
Par
tie
s
to
int
ens
ify
the
ir
res
ear
ch
int
o t
he
sou
rce
s,
pat
hwa
ys,
and
fat
e o
f r
esi
dua
l t
oxa
phe
ne
in the Great Lakes Basin; and
-
all
lab
ora
tor
ies
und
ert
aki
ng
env
iro
nme
nta
l m
eas
ure
men
ts
of
toxaphene collaborate, under the auspices of the
Governments, to develop a method suitable to identify and
quantify this complex residue mixture. Further,once a
state-of—the-art method has been described, it should be
the adopted procedure for all laboratories making this
measurement in support of Great Lakes monitoring and
surveillance in order to meet the legislative requirements
that regulate this product in both nations.
5. THE TISSUE AND SEDIMENT BANKS TASK FORCE
Background
The
Boar
d no
tes
that
the
1978
Grea
t La
kes
Wate
r Qu
alit
y Ag
reem
ent
has
rec
ogn
ize
d t
he
val
ue
of
tis
sue
and
sed
ime
nt
ban
ks.
Und
er
Ann
ex
l2,
Ear
ly
War
nin
g S
yst
em,
par
agr
aph
5(e
),
the
Agr
eem
ent
cal
ls
for
"ma
int
ena
nce
of
a
bio
log
ica
l
tis
sue
ban
k
and
sed
ime
nt
ban
k
to
per
mit
ret
roa
cti
ve
ana
lys
is
to
establish trends over time."
The
valu
e in
retr
ospe
ctiv
e an
alys
es h
as b
een
clea
rly
demo
nstr
ated
thro
ugh
the
his
tor
y
of
tra
cin
g
chl
ori
nat
ed
dio
xin
and
mir
ex
con
tam
ina
tio
ns
to
spe
cif
ic
Grea
t La
kes
geog
raph
ic l
ocat
ions
, as
well
as t
he e
xamp
le o
f DD
T an
d eg
g sh
ell
thi
nni
ng.
Fur
the
r,
a l
abo
rat
ory
can
use
such
sam
ple
s w
ith
in
its
int
ra-
laboratory quality control program. Through periodically re-analyzing
por
tio
ns
of
a u
nif
orm
sam
ple
, c
ont
rol
cha
rt
and
lim
its
in
var
ian
ce
can
be
set
and assessed. In addition, portions of uniform samples can be used for
int
erl
abo
rat
ory
stu
die
s t
o d
ete
rmi
ne
dat
a c
omp
ara
bil
ity
amo
ng
lab
ora
tor
ies
.
If tissue and sediment banks are to be used for the above three stated
purp
oses
, ea
ch s
ampl
e mu
st b
e ho
moge
neou
s, c
apab
le o
f be
ing
sub-
samp
led,
and
stored in such a way to maintain sample integrity over time. Further, if
tissue banks are used to assess trends, as called for in the Agreement, they
must also be sufficiently representative of the geographic area being studied.
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 In
1983
the
Science
Advisory
Board
established
a
Task
Force
to
examine
the
need
for
a
centralized
tissue
and
sediment
bank
for
Great
Lakes
samples.
The
activities
of
the
Task
Force
included
the
following:
- three meetings;
—
review
of
the
information
compiled
by
the
Great
Lakes
Regional
Office
on tissue and sediment banks;
-
contacts
with
managers
of
tissue
and
sediment
banking
facilities
within
and
outside
of
the
Great
Lakes
Basin;
and
-
preparation
of
this
report.
Findings
The
Great
Lakes
Regional
Office
compiled
information
on
tissue
bank
samples
on
behalf
of
the
Data
Quality
Work
Group
of
the
Water
Quality
Programs
Committee.
The
compilation
is
cross
indexed,
identifying
the
geographic
locations
where
samples
were
collected,
the
type
of
samples,
the
date(s)
of
collection,
where
and
how
the
collection
is
stored,
whom
to
contact
about
the
collection,
and
whether
the
collection
is
resampled.
There
are
48
organizations
listed;
14
different
classes
of samples,
from
fish
and birds
to
zooplankton
and phytoplankton;
and a very
large
variety
of storage
procedures
described.
The
compilation
currently
does
not
include
human
or
bovine
listings,
but
these
are
now
being
sought.
Fran
a
review
of this
compilation,
it appears
there
is
no single
bank
that
is
comprehensive
for
most
of
the
Great
Lakes
biota
and
sediments.
However,
there are several
banks that
are used
for one
or more of
the
three stated
purposes:
retrospective
analyses
for
trends,
intralaboratory
quality
control,
and interlaboratory studies.
Conclusions and Recommendations
The Board is encouraged that so many specimens are being banked, and that
recent surveillance plans call for further banking of samples. However, the
Board remains uncertain on the feasibility of establishing and maintaining a
centralized international banking system for Great Lakes samples.
Therefore, the Board recommends that:
- the Parties study the feasibility and desirabililty of
maintaining a centralized infomation repository of Great
Lakes tissue and sediment samples.
6. THE GREAT LAKES MODELING TASK FORCE
Considerable effort has been devoted to developing predictivesimulation
models for nutrients and toxicants in the Great Lakes. These mathematical
models provide scientists with tools that assist in obtaining a better
understanding of the physical, chemical, and biological processes occurring in
the Great Lakes. They can also be used to estimate responses in the Great
Lakes ecosystem to changes in pollutant loadings and other stresses on the
system. Modeling provides a framework for organizing surveillance activities
and often identifies information gaps.
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 The
rese
arch
and
data
coll
ecti
on n
eces
sary
to d
evel
op,
cali
brat
e,
and
verify the various models are being carried out by many governmental agencies
and universities. There is a need for better communication among those
working on the development of various models and related research and the
users of these models.
In March 1982 the Commission requested that the Board provide an overview
of existing models that have been used to assess conditions and trends in the
Great Lakes Basin ecosystem. In its 1982 report, the Board identified in its
research review that computer modeling validation was an area that had been
inadequately addressed. Accordingly, the Board recommended that a task force
be established to evaluate efforts for selecting and validating models
applicable to the Great Lakes. The activities of the Task Force during 1983
included the following:
- two meetings;
- preparation of the terms of reference of the Task Force; and
- preparation of a draft outline for the overview report.
The Modeling Task Force will provide a means for the exchange of information,
data, and solutions to problems relating to modeling of the Great Lakes. The
Task Force will also provide advice on requirements, the state of the art of
modeling, the confidence that can be placed in the models in their present state
of development, and data needs for improvement of these models. Specifically,
the Modeling Task Force will provide an overview of Great Lakes models and
evaluate their usefulness. Quantitative measures for the verification of models
that deal with eutrophication and toxic substances will be recommended. Further,
the Task Force will identify Great Lakes modeling research needs, giving initial
priority to needs related to validation and usefulness of models.
With the approval of the Science Advisory Board, the Task Force will
organize a symposium or workshop on Great Lakes modeling research and
application. This workshop will address the above research areas and may
include new areasuncovered by the Task Force.
7. THE IN-PLACE POLLUTANTS TASK FORCE
This is a new activity established by the Science Advisory Board in
August, 1983. The main objectives of this activity will be to investigate the
problem of in—place pollutants in specific "Areas of Concern“ in the Great
Lakes and develop the scientific bases for evaluating the alternative measures
that could be undertaken to resolve the in-place pollutants problem in these
areas.
THE AQUATIC ECOSYSTEM OBJECTIVES COMMITTEE
 
1. WATER QUALITY OBJECTIVES
The Aquatic Ecosystem Objectives Committee (AEOC), succeeded the Committee
on Scientific Basis for Water Quality Criteria. It is charged with describing
safe environmental limits of substances in the Great Lakes and with
identifying appropriate indicators of ecosystem health. In partial
fulfillment of these obligations, the AEOC has been involved in a number of
activities during the past year.
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 The AEOC supported a special session on aquatic effects at the 7th Symposium
on Polynuclear Aromatic Hydrocarbons held at the Battelle Laboratories in
Columbus, Ohio during October 26-28, l982. The proposed PAHs objective outlined
below has gone through a peer review process set up during this symposium.
The AEOC has reviewed the scientific literature for several substances,
and provided formal recommendations to the Science Advisory Board. The Board
supports these recommendations. They are as follows:
(1) Revised Objectives
Microbiology
Microbiological Indicators
Recommendation
For the protection of human recreational users of nearshore waters from
increased gastrointestinal (GI) illnesses,* the enterococcus (mE) geometric
mean level should not exceed ll/lOO mL; similarly the Escherichia coli (mTEC)
geometric mean level should not exceed 23/lOO mL. Mean levels should be
monitored by analyzing a minimum of five samples from one location collected
over a four-week period.
NOTE: The values specified above are the lowest statistically significant,
detectable indicator levels associated with the onset of GI
swimming-associated illnesses; as well, the "no-effect" levels
cannot be measured. It is recommended that regulatory agencies, in
achieving these objectives, should develop standards that may be
based on GI illness rates per 100,000 persons (y) using the following
relationships with levels of the organisms (x1).
For enterococcus per 100 mL (x1) the regression equation is:
y = -Zl3.2 + 613.8 log x1
For E, 5911 per lOO mL (x2) the regression equation is:
y = —150.5 + 423.5 log x2
Pseudomonas aeruginosa
To protect human recreational users of nearshore waters from ear
infections, no more than 25 percent of the analyses should have levels of
Pseudomonas aeruginosa (mPA method) greater than l0 3, aeruginosa per lOO mL.
 
NOTE: Under these conditions, the mean or median level of g, aeruginosa
will usually be < l per 100 mL.
*Illness is considered synonymous with symptoms such as fever, vomiting,
diarrhea and stomach cramps, and is not meant to suggest the cla551cal y
reportable symptoms such as those expressed in typhoid fever, etc.
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 0f the many species considered, the lake trout came closest to satisfying all
of the criteria. The Task Force thereby proceeded to develop the concept of
indicator-integrator organisms utilizing the lake trout, Salvelinus namaycush,
as an exemplary organism for oligotrophic systems. The amphipod Pontoporeia
hoyi was proposed as a suitable organism to complement the lake trout in
oligotrophic systems, while the walleye, Stizostedion vitreum vitreum, was
deemed a most appropriate organism for mesotrophic systems; the Fbrster's tern
was used as an indicator for wetlands surrounding the Great Lakes.
  
An ecosystem objective for oligotrophic systems based only on the lake
trout was described as the attainment and maintenance of an environment of
sufficient scope and quality to ensure the perpetuation of a moderately stable
cold-water community of organisms. Within this stable community, naturally
reproducing, genetically diverse stocks of lake trout will be the terminal
predators and thereby the primary controlling component. Implicit within the
objective is the understanding that optimal harvests of lake trout and other
cold-water community components may be taken by various user groups without
unduly disrupting the steady-state, and that the harvest intended for human
consumption shall be safe and palatable.
The remainder of the Task Force document outlines accounts of historic
conditions of environment and biota thereby providing a measure by which to
judge current conditions using indicator species. The principal impacts on
lake trout are described under four general headings including: exploitation,
sea lamprey, contaminants and other culturally induced effects such as
accelerated eutrophication, acid loading, habitat alterations, and
introductions of exotic species.
A practical example to the use of the indicator species approach is
provided by a dichotomous key of stress symptoms that will allow the ecosystem
manager to identify the likely source of a stress using symptoms elicited by
lake trout following one or more cultural interventions. While this key as
currently constituted, does not represent exhaustive treatment of all stress
possibilities, the accumulation of appropriate data over time will ensure more
complete coverage.
The dichotomous key at present, however, will be useful in assisting the
ecosystem manager to consider all likely sources of ecosystem impacts as
determined through careful consideration of the status of lake trout stocks.
' A computerized version of the dichotomous key provides both a sequential and a
systematized approach to the problem of identifying the general level of
ecosystem "health."
Future initiatives of the Task Force should address: rates of response to
degradation or rehabilitation; the use of other indicators for the assessment
of different environments; a closer examination of other biological indicator
approaches; the indicator approach as it relates to rehabilitation success.
To achieve the above objectives, the AEOC recommended that the Science
Advisory Board accept the offer of the Great Lakes Fishery Commission (GLFC)
to fund jointly the Task Force on Indicators of Environmental Quality
-23-
 and to publish jointly with GLFC their report entitled "A Proposed Approach
for the Application of Biological Indicators to the Determination of Ecosystem
Quality in the Great Lakes Basin."
The Board is currently considering this
recommendation.
THE COUNCIL OF GREAT LAKES RESEARCH MANAGERS
The formation of a Council
of Great Lakes Research Managers was proposed
by the Science Advisory Board as a mechanism to assist the Board in meeting
its obligations under the provisions of the l978 Great Lakes Water Quality
Agreement.
Article V Section 2 of the Agreement stipulates
that the Parties
(Governments of Canada and the United States) shall use their best efforts to
ensure that:
a)
"The
principal
research
funding
agencies
in
both
countries
orient
the
research programs of their organizations
in response to research
priorities
identified
by the
Science
Advisory
Board and recommended
by the Commission; and
b)
Mechanisms
be
developed
for
appropriate
cost-effective
international
cooperation."
The
main
objectives
of
the
Council
are
to
review
Great
Lakes
water
quality
research,
identify
research
needs,
disseminate
information
on research,
and
promote
cooperation
among
research
institutions.
The
formation
of
the
Council
is in progress.
THE
SOCIAL
AND
ECONOMIC
CONSIDERATIONS
COMMITTEE
In
l982
the
Board
reported
that
insufficient
attention
was
being
given
to
social
and
economic
questions
in
the
research
programs
of
institutions
dealing
Wlth
Great
Lakes
ecosystem
quality.
In
early
1983
the
Board
appointed
a
small
Working
Group
(subsequently
re-organized
into
a
committee)
on
Social
and
Economic
Considerations
to
advise
the
Board
on
ways
of
addressing
the
social
science aspects of its work.
The
Committee
noted
that
social
and
economic
considerations
are
inherently
a
component
of
almost
all
policy
and
program
implementation
measures
adopted
for
carrying
out
the
Great
Lakes
Water
Quality
Agreement.
The
range
of
social
science
knowledge
that
is
of
potential
importance
to
the
Board's
mandate
is
quite
extensive.
The
approaches
the
Board
could
take
for
reviewing
and
assessing
selected
topics
in
the
social
sciences
are
similar
to
those
used
to
conduct
reviews
in
the
biophysical
and
applied
sciences.
The
first
task,
in
the
view
of
the
committee,
was
for
the Board
to
adopt
an
orderly
approach
for
identifying
issues
and
topics
that
warrant
some
review
and
assessment
of
the
relevant
social
science
literature.
Selection
of
issues
should
also
recognize
the
needs
and
interests
of
management
agencies
and
others
involved
with
Great
Lakes programs.
The
Committee
proposed
two
complementary
approaches
for
selecting
issues
and
topics
that
the
Board
may
wish
to
pursue.
One
would
examine
some
innovative
projects
or
programs
that
are
good
examples
of
what
has
to
be
done
more
extensively
in
the
Basin
if
the
"Areas
of
Concern"
identified
by
the
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 Water Quality Board are to be addressed effectively. Consultations with
appropriate persons would inform the Board of some critical social, economic
and other related questions that were encountered during the planning and
implementation phase of these projects and programs. This in turn could
suggest areas for management oriented research reviews of the relevant social
science literature that could prove useful in dealing with some of these
critical questions.
The second approach is to examine methods used by both private and public
sector organizations for “issues management." This phrase generally refers to
processes and procedures followed by organizations to: (a) identify emerging
issues of critical importance to them in different social and economic
sectors, (b) diagnose the underlying causal factors, and (c) develop some
appropriate response strategies. Some of these methods could be adapted for
application to issues associated with the Great Lakes Water Quality Agreement,
and the results of the "diagnosis" could also help the Board identify primary
topics for social science research reviews.
The Committee chose Green Bay as one good example of an innovative program
in which cooperation among a number of agencies and resource user groups is
being mobilized to address ecosystem quality issues. The Committee met with
key individuals fran the Future of the Bay Project to discuss their methods
and be informed of their plans and problems. Based on the results of this
meeting, the Committee will prepare a proposal for a work and research plan to
develop a community process model of ecosystem rehabilitation that might be
transferable to other "Areas of Concern."
The Committee has also received a briefing on an approach to “issues
management" that one of the members of the Committee found to be helpful and
explored how this might be adapted to issues associated with non-point source
pollution in the Great Lakes Basin. Some related writings on issues
management, economic and other program evaluation methodologies are also being
drawn together for review.
The activities of the Social and Economic Considerations Committee during
1983 included the following:
- five meetings; ,
- development of terms of reference for the Committee;
- individual Committee members established contacts with experts in the
field and prepared short reports on evaluation techniques for
environmental planning and decision-making, multi—objective planning
and social impact assessment;
- testing an issue management framework on the topic of nonpoint source
pollution;
- meeting with representatives of the Future of the Bay project in
Green Bay; and
- outlining proposals for 1984 activities including a contract project
for Green Bay follow-up.
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THE JOINT HUMAN HEALTH EFFECTS COMITTEE
1. EFFECTS OF HATER QUALITY ON HUMAN HEALTH
In its 1983 Annual Report to the Water Quality Board and the Science
Advisory Board, the Human Health Effects Committee identified and discussed
its concerns regarding drinking water quality. Advice was given on the design
and application of epidemiologic studies in determining the cause and effect
relationship on human health with respect to drinking water.
The Committee also reviewed the role of toxicology in the human health
hazard evaluation of chemical contaminants found in the Great Lakes. Further,
the Committee discussed the release of environmental health hazard information
to the public and the provision of a proper perspective with which to review
the results of these toxicological studies.
The Committee also evaluated those Great Lakes chemicals for which it had
earlier recommended monitoring and surveillance by establishing "levels of
concern" based on a total daily intake of these substances.
Additional topics under discussion by the Committee include: monitoring
activities and estimates of human population exposure to contaminants found in
the Great Lakes; toxicity profiles for newﬂy-identified contaminants; a review
of the state of the art of structure-activity relationship and of the toxicity
of complex mixtures, and the preparation of a position paper on the public
perception of the dioxin issueand related matters.
2. THE HUMAN HEALTH RESEARCH ASSESSMENT TASK FORCE
The Human Health Research Assessment Task Force consists of members of the
Joint Human Health Effects Committee. The Task Force's responsibility is to
assess the state of scientific knowledge and research on the potential effects
of contaminants in the Great Lakes on human health. The activities of the
Task Force during 1983 included the following:
- four meetings;
- development of a questionnaire on human health research; and
- _ classification and analysis ofthe information received about human
health research.
The questionnaire on human health research was mailed to individuals
responsible for funding or undertaking human health research projects in the
Great Lakes Basin. In addition to identifying the principal investigator and
his organization and the funding agency, the extent and duration of funding
support was requested together with the subject of the research project,
i.e. the measure of exposure, health impact assessment and the methodology
used or the experimental design employed.
Out of 17 United States researchers contacted 17 responses were received,
whereas 13 Canadian responses has been received to date out of 22 mailed. ‘
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 Chapter 2 Application of New Technology in the
Great Lakes
BACKGROUND
The advance in science and technology is an inevitable component of human
endeavour, since it is perceived that the comfort, wealth and well being of
future human existence is irrevocably tied to progress. Progress in science
is occurring in all areas at variable rates, with spurts in progress being
catalysed by technological breakthrough or human crisis. Advances such as
microprocessor evolution, environmental ethics, and chemical analysis are
having major impacts on the Great Lakes. However, there has been little or no
anticipatory preparation by government or society to allow for adjustment
either at the conceptual or program level. TheScience Advisory Board,
therefore, proposes to incorporate in its Annual Report, on an experimental
basis, a chapter on future technological advances and their potential
application in the Great Lakes. The Board hopes that this topic will open a
dialogue within the Commission in preparation for adjustment to advances in
science, technology, social thinking and perceptions.
Two research scientists have provided the material for this chapter.
Dr. Bruce Jank, Acting Director of the Wastewater Technology Centre at the
Canada Centre for Inland Haters provided information on the control of toxic
chemicals in wastewater by biological treatment and the conversion of sewage
sludge to liquid and solid fuels. Dr. Ronald Sonstegard of the Department of
Biology and Pathology at McMaster University, provided information on the
technology of genetic engineering and its potential application in fisheries
sciences and pollution abatement.
RECENT ADVANCES IN HATER POLLUTION CONTROL TECHNOLOGY
l. CONTROL OF TOXICS BY BIOLOGICAL NASTEHATER TREATMENT SYSTEM
The role of biological wastewater treatment in the control of toxic and
inhibitory contaminants discharged to natural receiving waters is under close
scrutiny in view of the potentially high cost of minimizing the environmental
impact of such compounds. Many researchers in North America engaged in
evaluating the degree to which man-made contaminants can be removed by
conventional biological treatment are encouraged by the knowledge that
biological systems have proven to be generally more cost effective than
physical/chemical systems. In addition to biological oxidation, extensive
research has shown that volatilization, adsorption, and chemical oxidation
represent significant reactions in biological wastewater treatment systems.
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contaminants has been achieved by changes in biological reactor design,
process modifications, and improved operating procedures. It is well
recognized that increasing the hydraulic retention time of a completely mixed
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A bench-scale evaluation of the pre-denitrification-nitrification
technology operated in the activated sludge mode for the treatment of coke
plant wastewater (Bridle et al, 1980) illustrated the Optimization of reactor
design for contaminant contrBT by hydraulic retention time and solids
retention time manipulation. Until recently, the state-of-the-art biological
treatment of coke plant wastewater was activated sludge oxidation of phenol
and thiocyanate, followed by alkaline chlorination of cyanide and ammonia.
This technology did not address the control of polynuclear aromatics that are
normally present in coke plant wastewater. A two-state anoxic-aerobic reactor
design was shown to achieve the simultaneous removal of the inorganic
contaminants and most of the organic contaminants. Most of the trace organic
contaminants present in the raw wastewater were also removed under these
operating conditions. Analysis of the biological sludges indicated the
accumulation of some polynuclear aromatics, notably, indeno-pyrene,
naphthalene, pyrene, and benzo-a-anthracene.
A substantial accumulation of organic contaminants can occur when solids
retention time control is practiced, illustrating the bioconcentration role of
the sludge. Trace contaminants of concern may be present in a raw wastewater
at concentrations less than detectable level but, with solids retention time
control, some contaminants can be adsorbed to significant levels in the sludge.
Fixed-film reactors are rapidly gaining acceptance as an alternative
improved design to suspended growth systems where population retention is
important. Fixed-film processes will foster long cell retention times and
enhance growth ofslow—growing microorganisms. Furthermore, fixed-film
processes can provide cell concentrations of an order of magnitude higher than
those found in suspended growth systems, an effect which is thought to enhance
the removal of organic contaminants.
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 A pilot-scale, two-stage coupled anoxic—aerobic fluidized bed system was
operated over a two year period to evaluate the feasibility of removing a
range of contaminants from coke plant wastewaters (Nutt et al, 1983). The
coupled fluidized bed system was shown to be capable of achieving complete
‘nitrification and denitrification of undiluted coke plant wastewater without
the addition of powdered activated carbon to the system. In spite of the
relatively high systems solids retention times employed, minimal accumulation
of trace contaminants in the sludge was observed, indicating that the majority
of these contaminants were biologically degraded. Although a direct
comparison of influent and effluent concentrations was difficult in view of
the variability in analytical data, it appeared that the biological fluidized
bed process was capable of effecting a high degree of trace contaminant
control based on the order of magnitude differences in influent and effluent
trace organic contaminant concentrations.
2. CONVERSION OF SEWAGE SLUDGE TO LIQUID AND SOLID FUELS
Current sludge disposal practices at sewage treatment plants are not only
expensive (up to 50 percent of the annual operating budget) but also
constitute an environmental problem for many communities. Obtaining the
necessary local and provincial approvals to instigate land utilization,
landfilling, or incinceration as viable disposal options is becoming
increasingly difficult. A novel technology, orginally developedin Germany,
whereby the sludge is converted to liquid and solid fuels, has the potential
to alleviate this problem.
The process appears to be very simple. Dried sewage sludge is heated to
about 300°C in the absence of oxygen. Under these pyrolytic conditions
metal-catalysed reactions transform the sludge organics into straight chain
hydrocarbons (oil) and a coal—like char. These processes have been
demonstrated in laboratory systems operated in both Germany and Canada.
Oil yields ranging from 1-2 barrels per dry tonne of sludge and coal
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 — to generate thermal energy balance data; and
to design a demonstration facility for processing sludge at a
suitable location.
The second phase comprises construction, start-up and operation of a 25
tonne/day demonstration facility. This phase will define the economic and
environmental acceptability of the technology. Construction of the
demonstration plant is scheduled for 1984 with start-up planned in l985.
Screening studies conducted to date at laboratory scale indicate that the
oil yield is very much a function of both process variables and sludge
quality. Oil yields ranging from 10 percent to 24 percent have been obtained
depending upon the sludge andthe process conditions. Preliminary experiments
with differential thermal analysis equipment indicate that this may be an
excellent way of correlating sludge quality and oil yield. Discussions are
also in progress to obtain input from the Canadian Centre for Mineral and
Energy Technology (CANMET) with respect to characterization of the oil and
char, and advice as to the potential end uses of the products.
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BIOTECHNOLOGY AND THE AQUATIC SCIENCES
 
I. INTRODUCTION
The application of biological systems to the manufacturing processes or
service industries is an example of biotechnology. Biotechnology may
include: (a) genetic manipulation as illustrated by gene isolation and
transfer to recipient animals or cells; (b) cellular manipulation as
illustrated by the monoclonal antibody techniques whereby specific substances
are produced by the fusion of normal and abnormal cells for the production of
specific products; (c) fermentative technology related to the large-scale
growth of organisms for the removal and/or production of substances as a
result of this growth; and (d) enzyme technology for the production of
substrates that have the capacity of enhancing chemical reactions and that
form a product fran various substrates. The area is an integrated science
that includes the disciplines of genetics, microbiology, cell and molecular ‘
biology, virology, and the engineering sciences.
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Biotechnology is a new science, launched in 1975 when it was reported that
the renoval of the genetic material deoxyribonucleic acid (DNA) sequences from
one organism could be stitched with the DNA of another living organism. The
potential applications of these technologies have captured the imagination of
medical, agricultural, manufacturing and environmental scientists and it is
apparent that we are in the initial stages of a technological revolution.
Today, these technologies are poised to make enormous impacts on man and his
environment. In the following, some of the potential applications of
biotechnology to the aquatic sciences in the Great Lakes Basin are summarized.
2. FISHERIES SCIENCES
The application of biotechnology to fish evolves around strategies of
isolation (cloning) of genes of interest and the transfer and expression of
these genes in recipient fish. Using this strategy, it is now possible to
introduce desirable traits into an animal and genetically engineer a new
species. Currently, there is a program to develop a "super-fish" by cloning a
growth hormone gene and introducing this gene into recipient fish. By using
this procedure, it is anticipated that the growth rate of fish will increase
by a factor of two or three. Genetically engineered fish could break sports
fishing records in every species to which this technology is applied. This
promises to launch a revolution in the sports fishing industry and in the
culture of fish for human consumption (fish farming). Similarly, any number
of potentially desirable genes can be engineered into fish using these
technologies. In addition to growth promotion, there are possibilities for
the development of strains of fishes that are resistant to disease or tolerant
to environmental conditions such as acid rain, etc.
Disease is a major problem in fisheries, especially in hatcheries.
Federal, state and provincial governments have passed legislation to co e with
the disease problem, and the Great Lakes Fish Disease Committee of the reat
Lakes Fishery Commission has developed policies, protocols, and strategies for
fish disease control in the Great Lakes Basin. A major problem in fish health
monitoring and control is the fact that testing requires that the fish be
sacrificed (an obviously important consideration in rare species or highly
valuable brood stock). By the application of cell fusion technologies
(monoclonal antibodies) and recombinant DNA procedures for the production of
reference antigens, it is possible to develop rapid, sensitive, economical
immunological tests, which will require only a small amount of blood (the fish
will not have to be sacrificed). Using recombinant DNA technologies will
assist in the development of new fish vaccines that could be used to control
disease in fish culture.
At present, few technologies are available for evaluating the effects of
the environment on fish health. A number of testing protocols evolving out of
the technologies already described for fish disease diagnosis, will soon be
available for evaluating fish health (i.e. endocrinology, physiology). These
technologies have had major application in human medicine. These tests
promise to be extremely valuable tools to assess environmental toxicants and
to develop programs for their abatement.
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 3. POLLUTION ABATEMENT
The environmental pollution problems in the Great Lakes Basin lie in two
major areas: toxicants (particularly persistent chemicals, e.g. dioxin) and
nutrient loading and resulting eutrophication. The Great Lakes Basin
encompasses one of the world's largest industrial, urban and agricultural
regions. The discharge of industrial chemicals, municipal and industrial
waste water, and agricultural runoff have made major impacts on the Great
Lakes ecosystem.
Many of the toxicants of concern to the public and fisheries agencies are
persistent in nature. These chemicals persist in the environment by virtue of
their unique chemical characteristics against which normal microflora have no
enzymes which can utilize these chemicals as a subtrate. By the use of
recombinant DNA technologies, it is possible to select for and isolate those
genes whose gene products (enzymes) can degrade the toxicant of concern. In
the near future, generations of "super bugs" may be available for the
detoxification of dump sites, spills, and contaminated water, etc.
One of the success stories of pollution control in the Great Lakes Basin
involve the reduction of nutrient loadings through the use of water treatment
facilities. These treatment facilities are based on turn-of-the-century
technologies and represent one of man's most successful applications of
microorganisms. The treatment processes are basically fermentative, using
natural populations of microorganisms to reduce organic wastes and pathogens.
Today, it is generally assumed that the application of biotechnology to
treatment facilities will result in more efficient processes.
In light of the costs of waste treatment and disposal, there is increasing
interest in waste utilization. There are two approaches being considered:
direct recovery oraccumulation of valuable materials from wastes (e.g. metals)
and/or the transformation of wastes into materials of value (e.g. protein for
animal feed, or biogas). The utilization of wastes that pose environmental
concern (e.g. forest pulp and paper industries) using genetically engineered
microorganisms will limit the discharge of toxicants and nutrients into the
env1ronmen .
4. EPILOGUE
It is apparent that bioengineering has vast potential. The application of
this technology has mushroomed throughout the scientific and business
community. To date, the environmental and social implications of these
technologies have been partially obscured by their economic potential.
It is important, however, to address the effects that these technologies may
have on the web of life that supports us. There is always the possibility that
genetically engineered organisms may escape into the environment while others
will be released intentionally. Are we laying the groundwork for irreversible
evolutionary changes that may create an unacceptable environment? In the effort
to create more perfect life forms, we may be engineering a monolithic unstable
ecosystem. We must resolve the risks of irreversibly altering the gene pool
which has evolved over millions of years. In reality, we really do not
understand nature. There is only one biosphere. There is no margin for error.
Whereas this might sound pragmatic today, tomorrow it may be paradoxical.
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